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PREFACE 


This  study  wus  prepared  by  the  United  Stales  Air  Force  Environmental  Applications  Branch,  Readiness  Support 
Section  (USAFETAC/ECR),  in  response  to  a  support  assistance  request  (SAR)  Irom  the  5th  Weather  Wing,  Langley 
AFB,  VA,  under  the  provisions  of  Air  Weather  Service  Regulation  105- IS.  It  documents  work  done  under 
USAFETAC  project  807-1  I,  and  is  the  first  in  a  live-volume  series  that  discusses  the  climatology  of  the  area  known 
as  "SWANEA"  (Southwest  Asia-Northeast  Africa),  Like  its  predecessors  (studies  of  the  Persian  (lull  and  Caribbean 
Basin),  this  work  is  complemented  by  two  other  SWANEA  studies,  One  describes  transmittance  climatology  in  the 
5-5  and  8-12  micron  bards;  the  other,  refract! vity  climatology.  Publication  of  these  complementary  studies  parallels 
or  follows  the  parent  work. 

The  project  would  not  have  been  possible  without  the  dedicated  support  ol  the  many  people  and  agencies  we  have 
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Thanks  also  to  Mr  Henry  (Mac)  Fountain,  Mr  Vann  Gibbs,  Mr  Dudley  (Lee)  Foster,  and  other  members  ol 
Operating  Location  A  (OL-A),  IISAF  Environmental  Technical  Applications  Center.  Asheville,  NC,  lot  providing 
data,  data  summaries,  and  technical  support  that  the  authors  had  previously  thought  impossible. 

To  Ma.j  William  F.  Sjoberg,  Maj  Charles  W.  Tuttle  III,  Mr  Kenneth  R.  Walters  Sr.  SSgt  (.'Jordon  K.  Hepburn,  and 
TSgl  Richard  C.  Bonam  of  USAFETAC's  Readiness  Support  Section  (LCR),  our  thanks  for  their  hard  work, 
assistance,  guidance,  and  encouragement. 

Thanks  to  Mr  Robert  Fell  of  the  United  States  Naval  Environmental  Prediction  Research  Facility  and  Lt  Cmdr 
Rutsh  (Naval  Liaison  to  Air  Force  Global  Weather  Central-AFGWC)  for  their  assistance  in  providing  supplemental 
data  lor  this  project. 

Thanks  to  Mr  Maurice  Crew  of  the  United  Kingdom  Meteorological  Office  for  providing  copies' ol  studies  not 
available  elsewhere. 

Thanks  to  L.l  Col  Frank  Globokar,  Ll  Col  John  Erickson,  Maj  Daniel  Ridge,  Maj  Roger  Edson,  and  Capt  Patrick 
Condray,  for  their  cooperation  in  establishing  and  providing  "peer  review"  ol  draft  manuscripts. 

Finally,  all  the  authors  owe  sincere  gratitude  to  the  Technical  Editing  Section  of  the  AWS  Technical  Library 
(USAFETACVLDE)-Mr  George  M.  Horn  and  Sgl  Corinne  M.  Gage.  Without  their  patience  and  cooperation,  this 
project  could  not  have  been  completed. 
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Chapter  1 

INTRODUCTION 


ARKA  OK  INTKRKST.  This  study-the  first  of  live 
volumes  that  cover  the  enlire  "SWANEA"  (Southwest 
Asia-Northeast  Africa)  region  shown  in  Figure 
I  - 1  --describes  the  geography,  climatology,  ami 
meteorology  of  the  Horn  of  Africa,  an  area  that  is 
politically  divided  among  seven  countries:  Somalia  (SI), 
Ethiopia  (ET),  Djibouti  ( DJ),  Ycincn-Sana  (YD),  and 


Yemcn-Adcn,  including  Socotra  Island  (AD)  and  small 
portions  of  Sudan  (SU)  and  Saudi  Arabia  (SD).  For  this 
study,  the  Horn  of  Africa  has  been  divided  into  the  four 
zones  of  "climatic  commonality"  (the  Indian  Ocean 
Plnin,  the  Ethiopian  Highlands,  the  Aden  Coastal  Fringe, 
and  the  Yemen  Highlands)  as  shown  in  Figure  1-2,  next 
page. 


Figure  1-1.  The  Southwest  Asia-Northeast  Africa  (SWANKA)  Region. 
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Figure  1-2.  The  Horn  of  Africa  and  its  Four  "Zones  of  Climatic  Commonality". 


GEOGRAPHY.  From  Jckaw,  ET,  in  the  west,  to 
Socotra  Island  in  the  cast,  the  region  described  here  as 
the  "Horn  of  Africa"  is  1,360  NM  wide.  It  contains 
extensive  mountain  ranges,  plateaus,  and  adjacent  coastal 
lowlands  that  extend  1,600  NM  from  the  northern 
Yemen  Highlands  near  Mecca,  SD  to  Ras  Chiamboni, 


SI.  The  eastern  border  is  marked  by  the  Indian  Ocean 
and  Gulf  of  Aden  coastline.  Kenya  and  Sudan, 
respectively,  arc  on  the  southern  and  western  borders. 
The  northern  borders  from  west  to  cast  arc  formed  by  the 
Red  Sea  on  the  west  and  the  Rub  al  Khali  Desert  in  south 
central  Saudi  Arabia  on  the  cast. 


1-2 


The  Afro-Arabiun  Rift  System  (or  Great  Rift  System) 
shown  in  Figure  1-3  dominates  topography  in  the  Horn 
of  Alrieu.  This  massive  feature  runs  north  to  south 
across  53  degrees  of  lutitudc  from  20°  S  to  33°  N. 
Numerous  norlh-lo-south  mountain  ranges  average  650 
NM  in  length  and  400  NM  in  width.  The  largest  is  the 
Eritrean  Mountain  system  in  northwestern  Ethiopia  (see 
the  Ethiopian  Highlands,  Figure  4- la).  The  Eritrean 


Mountains  run  from  7,000  to  8,000  Icet  (2,134-2,743 
meters).  Numerous  volcanic  peaks  rise  above  12,000 
feel  (3,658  meters)  on  the  African  mainland  and  above 
10,000  feel  (3,050  meters)  on  the  Arabian  Peninsula. 
Mount  Dashan,  in  the  Eritrean  Mountains,  is  the  highest 
at  15,158  lect  (4,620  meters)  MSL.  Several  hundred 
fresh  water  lakes,  led  by  numerous  springs  and  seasonal 
runolf,  urc  found  in  the  mountainous  interior. 


Figure  1-3.  The  Great  (Afro-Arabian)  Rift  System. 


The  massive  mountain  complex  formed  by  the  Great 
Rift  System  has  a  significant  effect  on  Horn  of  Africa 
climate  by  presenting  a  natural  barrier  between  two 
distinctly  different  air  masses;  areas  west  or  ihc  Great 
Rift  System  are  dominated  by  maritime  tropical  and 
continental  tropical  air  masses,  while  areas  to  the  cast  arc 


influenced  exclusively  by  Indian  Ocean  maritime  tropical 
air  masses.  Natural  breaks  in  the  Great  Rift  System, 
however,  allow  these  air  masses  to  converge  below  850 
millibars.  The  Red  Sca/Gulf  of  Aden  corridor  and 
northern  Kenya’s  Turkana  Channel  arc  the  only  outlets 
lor  low-level  air  mass  convergence. 
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The  rest  of  Hu*  Horn’s  surface  area  (ahoul  half)  is 
seminrid  alluvial  plain,  all  lying  below  3.280  leel  < I, IKK) 
meters).  Meteorology,  topography,  and  latitude 
eontrihute  significantly  to  aridity,  Orographic  ttplill  and 
large-scale  circulation  patterns  provide  scant  annual 
rainfall  (2-10  inches/52-254  mm)  over  these  plains  north 
of  0°  N.  Between  656  and  2,280  feet  (.200  and  1,000 
meters),  the  plains  arc  eroded  plateaus  and  rolling  hills 
cut  up  by  intermittent  stream  beds.  Lowlands  below  656 
fcci/200  meters  border  the  Gulf  of  Aden  and  Indian 
Ocean.  The  land  surface  here  is  dominated  by  lava  beds, 
salt  deserts,  and  sand  dunes. 

STUDY  CONTENT.  Chapter  2  provides  a  detailed 
discussion  of  the  major  climatic  controls  that  affect  the 
Horn  of  Africa.  These  controls  range  from  the 
macroscale  ("semipermanent  climatic  controls"),  through 
the  synoptic  ("synoptic  disturbances"),  to  the  mesoscale. 
The  individual  treatments  of  each  climatic  subregion  in 
subsequent  chapters  do  not  include  repeated  descriptions 
of  these  phenomena,  but  provide  specifics  unique  to  the 
individual  subregion  by  focusing  on  mean  distributions 
and  local  anomalies  of  sky  cover,  winds,  precipitation, 
temperature,  and  visibility.  Meteorologists  using  this 
study  should  read  and  consider  the  general  discussion  in 
Chapter  2  before  trying  to  understand  or  apply  the 
individual  climatic  zone  discussions  in  Chapters  2-6. 
This  is  particularly  important  because  the  study  was 
designed  with  two  purposes  in  mind:  first,  as  a  master 
reference  to  the  entire  Horn  of  Africa,  and  second,  as  a 
modular  reference  to  the  several  subregions  of  the  Horn 
of  Africa.  Chapters  2-6  discuss  "situation  and  relief"  and 
"general  weather"  for  each  the  four  subregions,  by 
season. 

The  Indian  Ocean  Plain  (Chapter  3)  lies  between  2°  S 
and  1 1°  N  and  41  to  51°  E.  The  weather  and  climate 
here  arc  controlled  by  the  circulations  of  the  Southwest 
and  Northeast  Monsoons.  The  land-sea  breeze  effect  and 
southern  hemisphere  cold  fronts  (south  of  4°  N)  are  also 
important  mesoscale  and  synoptic  weather  features.  The 
Southwest  Monsoon  is  characterized  by  phenomena  such 
as  the  surface  Monsoon  Trough  and  the  Somali  Jet. 
During  the  Northeast  Monsoon,  southern  hemispheric 
surges  and  local  effects  dominate  weather  patterns. 

The  Ethiopian  Highlands  (Chapter  4)  span  a  large  area. 
This  extensive  mountain  system  lies  between  3  and  18° 
N,  and  between  34  and  50°  E.  Average  elevation  is 
5,(XM)  feel  (1,524  meters).  Since  the  entire  subregion  is 
affected  by  low-,  mid-,  and  upper-level  flow  from  the 
North  African  continent  and  the  Indian  Ocean  thoughoul 
the  year,  Chapter  4  discusses  a  variety  of  phenomena 


such  as  the  surface  f  lonsoon  Trough,  cyclonic  activity, 
and  monsoonal  wind  llow.  Complex  mounlain/vallcy 
circulations  arc  also  important  weather  features. 

The  Aden  Coastal  Fringe  (Chapter  5)  is  a  narrow  strip 
that  lies  along  the  Gull  ol  Aden  and  Red  Sea  coastlines 
between  10  and  I.C  N  and  between  42  and  53'  E.  Ii 
includes  Socotra  Island.  Since  (he  entire  subregion  is 
dominated  by  monsoonal  and  coastal  weather 
phenomena.  Chapter  5  describes  the  influences  of  the 
Soulhwcst/Norlhcast  Monsoon  llow  patterns  and 
land/sea  breeze  effects. 

The  Yemen  Highlands  (Chapter  6),  the  northernmost 
subregion  in  the  study  area,  lie  along  the  southeastern 
edge  of  the  Red  Sea  basin  between  13  and  21°  N  and 
between  40  and  46°  F..  This  mountainous  subregion  is 
bordered  by  vast  subtropical  dcscrts-ihe  Sahara  and  the 
Rub  ai  Khali -to  the  cast,  north,  and  west.  Elevations  in 
the  Yemen  Highlands  average  6,000  feel  ( l,82l>  meters). 
From  November  to  May,  the  northern  Yemen  Highlands 
arc  occasionally  affected  by  Mediterranean  weather.  A> 
a  result,  Chapter  6  stresses  the  Northeast  and--to  a  lesser 
extent -Southwest  Monsoon  flow  patients  while 
emphasizing  cyclonic  activity  and  mesoscale  weather 
features. 

CLIMATOLOGICAL  REGIMES.  Although  the  Horn 
of  Africa  is  dominated  by  monsoon  circulation,  weather 
in  each  of  the  "climatically  similar"  subregions  is 
distinctly  different  because  of  its  location  and  orientation 
to  prevailing  airflow.  The  lengih  of  each  monsoon 
season  varies  from  subregion  to  subregion  because  the 
study  area  covers  such  a  wide  latitude  bell.  Typically, 
the  Horn  of  Africa  sees  a  I  -  to  2-month  transition  (X'riod 
between  the  Southwest  and  Northeast  Monsoons  because 
the  monsoonal  flow  must  travel  distances  as  great  as 
25-30  degrees.  As  a  result,  times  and  durations  of 
seasons  anil  transition  periods  vary  from  year  to  year  and 
place  to  place.  This  study  uses  local  names  whenever 
appropriate  to  highlight  variations  in  the  monsoon 
seasons,  transition  periods,  and  typical  conditions  in  a 
particular  subregion. 

Topography  has  an  important  influence  on  climate  here; 
orographic  uplill  may  accentuate  the  seasons  and 
transitions.  Since  surface  llow  across  the  extensive 
mountain  ridges,  depending  on  orientation,  may  be  moist 
in  one  location  but  dry  in  another  at  the  same  time,  the 
presence  of  the  Southwest  Monsoon  does  not  necessarily 
mean  wet  weather  everywhere  in  the  Horn  of  Africa. 
The  reverse  is  also  truc--lhc  Northeast  Monsoon  is  not 
"dry"  everywhere. 


CONVENTIONS.  The  spellings  of  place  names  and 
geographical  features  are  those  used  by  the  United  Stales 
Defense  Mapping  and  Aerospace  Center  (DMAAC). 
Distances  are  in  nuulical  miles  (NM),  except  for 
visibilities,  which  arc  in  statute  miles.  Ceilings  and 
cloud  bases  are  in  feet/meters  above  ground  level 
(AGL)*  but  cloud  tops  are  above  mean  sea  level  (MSI.). 
Elevations  arc  in  feet  with  a  meter  or  kilometer  (km) 
equivalent  immediately  following.  Temperatures  are  in 
Fahrenheit  (F)  with  a  Celsius  (C)  conversion  following. 
Wind  speeds  urc  in  knots.  Precipitation  amounts  arc  in 
inches,  with  a  millimeter  vmm)  conversion  following. 
Most  synoptic  chart  limes  are  given  in  Greenwich  Mean 
Time  (GMT  or  Z),  with  a  local  standard  time  (L.ST) 
conversion.  When  synoptic  charts  arc  not  provided,  only 
I.ST  is  used. 

*NOTIi:  The  AGL  cloud  haws  Riven  in  this  study  urc 
generalized  over  large  ureas  Readers  must  consider 
terrain  in  applying  these  generalized  values.  For 
example,  the  AGL  cloud  bases  given  the  Chapter  4 
discussions  of  the  Ethiopian  Highlands  are  generally 
representative  of  valley  reporting  stations,  hut  noi_  of 
locations  in  surrounding  mountains,  where  ceilings  and 
cloud  bases  would  be  lower,  and  where,  in  fact,  many 
locations  would  be  obscured. 


DATA  SOURCES.  Most  of  the  information  used  in 
preparing  this  study  came  from  two  sources,  both  within 
the  United  Stales  Air  Force  Environmental  Technical 
Applications  Center  (USAFETAC).  Studies,  books, 
atlases,  and  so  on,  were  supplied,  with  rare  exceptions, 
by  the  Air  Weather  Service  Technical  Library,  or 
AWSTL,  which  is  the  only  dedicated  atmospheric 
sciences  library  in  the  Department  of  Defense  and  the 
largest  such  library  in  the  United  States.  Climatological 
data  came  direct  from  the  Air  Weather  Service  Climatic 
Database  or  through  Operating  Location  A, 
USAFETAC -the  branch  of  USAFETAC  responsible  for 
maintaining  and  managing  this  database. 

RELATED  REFERENCES.  This  study,  while  more 
than  ordinarily  comprehensive,  is  not  the  only  source  of 
meteorological  and  climatological  information  for  the 
military  meteorologist  concerned  with  the  Horn  of 
Africa.  The  United  States  Navy  has  published  several 
excellent  handbooks  on  this  area  and  the  adjacent  coastal 
waters.  USAFETAC/DS-87AU4.  Station  Climatic 
Summaries-Atrica,  provides  summarized  meteorological 
observational  data  for  several  major  airports  in  the  study 
area.  Staff  weather  officers  and  forecasters  are  urged  to 
contact  the  Air  Weather  Service  Technical  Library  for  as 
much  data  on  the  study  area  as  is  currently  available. 
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Chapter  2 

MAJOR  METEOROLOGICAL  FEATURES  OF  THE  HORN  OF  AFRICA 

The  "mujor  meteorological  features"  of  the  Horn  of  Africa  arc  listed  below  as  they  appear  and  arc  described  in  this 
chapter,  These  femures  affect  the  weather  and  climutc  of  the  Horn  of  Africa  the  year-round.  The  same  features  may 
be  discussed  in  more  detail  in  subsequent  chapters  as  they  relate  to  individual  subregions  of  the  study  area. 


Semipermanent  Climatic  Controls . 2-2 
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SEMIPERMANENT  CLIMATIC  CONTROLS 


SKA  SURFACE  TEMPERATURES  (SSTs).  Figures  extends  more  than  30  NM  inland  or  above  3, (MX)  feel 
2- 1 a-d  provide  mean  SSTs  for  Horn  of  Africa  coastlines  (*> 1 5  meters).  The  diurnal  temperature  range  is  only 
on  the  western  Indian  Ocean,  the  Gulf  of  Aden,  and  the  10-20°F  (6-1  l°C)  along  the  coast,  but  inland  (outside  the 
Red  Sea.  Warm  surfuce  waters  keep  immediate  coasts  marine  boundary  layer’s  influence),  the  range  is  20-35°F 
mild  all  year,  but  the  marine  boundary  layer  rarely  (11-19°C). 


Figure  2-la.  Mean  January  Sea  Surface  Tempera¬ 
tures  (°F).  The  largest  gradients  arc  in  the  Red  Sea, 
where  SSTs  vary  between  71  and  7H°F  (22-26°C).  A 
north  to  south  increase  is  caused  by  cooler  mid-latitude 
January  air  masses.  South  of  25°  N,  Red  Sea  and  Gulf 
of  Aden  SSTs  are  74-78°F  (23-26°C).  Along  the 
Somalia  coast,  water  temperatures  range  from  77  to  H1°F 
(25  to  27°C). 


Figure  2-lc.  Mean  July  Sea  Surface  Temperatures 
(°F).  In  the  Red  Sea  and  Gulf  of  Aden,  mean  July  SS  Ts 
average  78-88°F  (26-3 1  °C).  In  the  northeastern  Gulf  of 
Aden  (near  Ras  Fartak)  and  in  Somalia  coastal  waters, 
SSTs  arc  lower  because  of  strong  upwclling  caused  by 
the  Somali  Jet. 
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Figure  2-Ib.  Mean  April  Sea  Surface  Temperatures 
(°F).  April  SSTs  are  about  the  same  (78-81  °F/26-27°C) 
in  the  southern  Red  Sea,  the  Gulf  of  Aden,  and  the 
western  Indian  Ocean.  Although  Red  Sea  SSTs  arc 
cooler  (70-78°F/2 1  -26°C)  North  of  23°  N,  they  don't 
influence  the  Horn  of  Africa’s  coastal  environment. 


Figure  2-Id.  Mean  October  Sea  Surface  Tempera¬ 
tures  (°F).  October  SSTs  range  from  80  to  8I°F  (27°C) 
along  the  Somalia  coast  and  in  the  extreme  northern  Red 
Sea,  and  from  86  to  87°F  (30°C)  in  the  central  and 
southern  Red  Sea.  As  already  mentioned,  the  cooler 
northern  Red  Sea  waters  don’t  affect  the  Horn  of  Africa. 


% 


* 


2-2 


THE  AZORES  HIGH.  The  position  of  this  northwesterly  outflow  from  the  High  rarely  penetrates 
semipermanent  high  varies  from  29°  N,  29°  W  in  south  of  15°  N.  Typically,  the  Yemen  Highlands,  the 

Januury  (Figure  2-2a)  to  about  37°  N,  37°  W  in  July  northern  Ethiopian  Highlands,  aittl  the  Aden  Coastal 

(Figure  2-2c).  Mean  sea  level  pressure  varies  from  1021  Fringe  arc  the  only  subregions  affected  by  northwesterly 

mb  in  January  to  1025  mb  in  July.  The  high’s  influence  (low  between  November  and  April.  Mean  northwesterly 

on  the  Horn  of  Africa  is  strongest  between  November  surface  How  into  the  central  and  southern  Red  Sea 

and  April,  but  weakest  between  May  and  October,  when  averages  3-5  kts  between  December  and  early  April. 


Figure  2-2a.  Mean  January  Position  of  the  Azores  High. 


Between  December  and  February,  the  Azores  High  produces  cold  weather  outbreaks  and  severe  duslstorms 
extends  eastward  (as  shown  in  Figure  2-2a)  over  the  over  the  Sahara  Desert,  the  Red  Sea,  and  the  eastern 
western  Sahara.  It  joins  a  secondary  high  pressure  cell  Mediterranean  Basin. 

(the  Saharan  High)  to  form  a  weak  high-pressure  ridge 

over  the  Sahara  Desert.  Slight  deviations  in  the  High’s  Between  March  and  May,  the  Azores  High,  with 

mean  strength  and  position  may  temporarily  tilt  the  ridge  central  pressure  now  1021  mb,  moves  slowly 

axis  from  west-cast  to  northwest-southeast.  A  very  west-northwest  to  near  30°  N,  37°  W  (see  Figure  2-2b). 

strong  Azores  High  may  till  the  ridge’s  eastern  edge  Its  spring  migration  to  the  west  and  away  from  (lie 

northward  over  the  coastal  waters  of  western  Europe  African  continent  weakens  the  mean  high-pressure  ridge 

while  the  Saharan  High  remains  fixed  over  the  northern  over  North  Africa.  Cyclonic  activity  (see  "Synoptic 

Sahara.  If  the  Azores  High  maintains  its  surface  position  Disturbances”)  dips  southward  over  the  western 

along  the  west  coast  of  Europe  for  3  or  more  consecutive  Mediterranean  Sea  and  Atlas  Mountains,  reaching  the 

days,  a  "blocking"  pattern  may  be:  established  to  allow  northern  fringes  of  the  Horn  of  Africa  most  lrci|ucntly  in 

the  500-mb  Polar  Jet  (which  sec)  to  slide  southward  into  Maah.  Normally,  cold  fronts  produce  severe  sandstorms 

the  north  central  Sahara.  This  Polar  Jet  position  along  the  western  edges  of  the  Ethiopian  Highlands. 

2-3 


Figure  2-2b.  Mean  April  Position  of  the  Azores  High. 

Between  June  and  September,  the  Azores  High's  Although  the  hot  and  dry  desert  air  modifies  the  Iront 
central  pressure  strengthens  to  1025  mb.  Its  mean  rapidly,  strong  mid-and  upper-level  troughs  can  cause 

summer  position  is  near  37°  N,  37°  W.  Figure  2-2c  significant  weather  in  extreme  northern  sections  ol  the 

shows  the  High  at  its  northernmost  position,  where  it  Horn  ol  Africa, 
effectively  blocks  any  significant  cyclonic  activity  front 

entering  the  Sahara  Desert  and  Red  Sea.  When  the  ridge  Between  October  and  November,  the  Azores  High 

is  weak  and  there  is  strong  low  pressure  off  Iceland,  moves  south  to  a  new  mean  position  at  35°  N,  30  W. 

however,  cyclonic  activity  can  penetrate  southward.  The  Figure  2-2d  shows  the  Azores  High  and  the  mean  high 

prevailing  WNW-NW  mid-level  winds  are  weak.  As  a  pressure  cell  developing  in  the  Sahara, 
result,  surface  cold  fronts  move  slowly  across  the  Sahara. 
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Figure  2-2c.  Mean  July  Position  of  the  Azores  High. 


Figure  2-2d.  Mean  October  Position  of  the  Azores  High. 
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IHK  INFLUENCE  OF  LARGF.*,SCALK  METEOR-  (anil  the  resultant  weather)  that  will  uffecl  the  Horn  of 
OLOGKAL  FEATURES  on  GRADIENT  FLOW.  Africa. 

ClriKlicm-lcvel  How  over  the  Horn  of  Africa  is  confollal 

by  the  Azores  High  (sec  page  2-.1),  the  South  Atlantic  Figures  2-ln-d  show  mean  gradient  flow  over  the  Horn 
High  (not  shown),  the  Southwest  Monsoons  (page  2-10),  of  Africa  in  January,  April,  July,  and  October.  January 
and  the  Northeast  Monsoon  (page  2- ’■()).  The  strengths  How  (Figui>-  2-3a)  west  of  the  Great  Rill  System  is 
und  locations  of  these  four  features  determine  the  controlled  by  Azores  high  outflow,  but  How  east  of  the 
low  level  flow  and  resulting  positioning  of  the  Monsoon  Rift  System  is  controlled  by  the  Northeast  Monsoon.  By 
Trough,  The  annual  north-south  Monsoon  Trough  April  (Figure  2 - 3 h ) ,  the  Monsoon  Trough  is  shilling 
oscillation,  in  turn,  determines  the  types  of  air  masses  northward  through  southern  Ethiopia  and  Somalia. 


Figure  2-3a.  Mean  January  Gradient  Flow.  Dashed  lines  arc  isolachs  at  5-knot  intervals. 


Flow  north  of  the  Trough  is  still  dominated  by  Azores  High  outflow,  but  now  recurved  north  of  the  equator- • 

High  outflow  west  of  the  Rill,  while  Northeast  Monsoon  dominate  west  of  the  Rill.  By  October  (f  igure  --  d). 

How  continues  east  of  the  Rift  System.  South  of  the  Azores  High  outflow  covers  the  region  north  ‘>1  the 

Monsoon  Trough,  outflow  from  the  Muscarcnc  High  southward-moving  Monsoon  Trough,  shown  here 

(page  2-13)  influences  the  entire  region.  By  July  (Figure  running  from  easi-to-west  near  10  N  Modilied 

2 - 3c ) .  Southwest  Monsoon  air  prevails  in  all  areas  cast  of  Southwest  Monsoon  uir-greally  warmed  and  dried  wsl 

the  Rift.  Equatorial  wcstcrlics-originally  South  Atlantic  of  the  rift -now  flows  over  all  the  region  south  ol  10  N. 


Figure  2-3b.  Mean  April  (iradient  Flow.  Dashed  lines  arc  isotachs  at  5-knot  intervals. 
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Figure  2-3c.  Mean  July  Gradient  Flow.  Dashed  lines  arc  isotachs  at  5-knol  interval 


Figure  2-3d.  Mean  October  Gradient  Flow.  Dashed  lines  are  isoiachs  at  5-knot  intervals. 
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THE  MONSOON  CLIMATE,  The  icrm  "monsoon" 
(from  the  Arabic  mawsim,  "seasons")  is  generally  applied 
lo  iho.se  areas  of  the  world  where  ihcre  is  a  seasonal 
reversal  of  prevailing  winds,  bui  ihc  generally  accepted 
definition  of  a  "monsoon"  climate  includes  satisfaction 
of  these  four  criteria  (after  Ramugc,  1971): 

•Prevailing  seasonal  wind  direction  changes  by 
at  least  120  degrees  between  summer  and 
winter, 

•Summer  and  winter  mean  wind  speeds  both 
equal  or  exceed  10  knots  (5  meters/sec), 


•Wind  directions  and  speeds  must  remain 
steady,  and 

•No  more  than  one  cyclone/anticyclone  couplet 
may  occur  during  January  or  July  in  any  2-year 
period  within  any  5 -degree  grid  square. 

Figure  2-4  shows  the  extent  of  the  "monsoon  climate" 
according  to  Ramugc's  criteria  throughout  the  world  and 
across  the  African  continent. 


Figure  2-4.  Extent  of  the  Monsoon  Climate  (shaded  area)  Across  the  World. 


THE  SOUTHWEST  MONSOON  is  at  full  strength 
between  June  and  September.  Rainfall  near  the  Equator 
(the  southern  Indian  Ocean  Plain  and  southwestern 
Ethiopian  Highlands)  begins  in  April  and  ends  in 
October.  Complex  interactions  among  a  number  of 
synoptic-scale  features  during  northern  hemisphere 
summer  produce  a  marked  intcrannual  variability  in 
rainfall  throughout  the  Horn  of  Africa.  In  Chapters  3  to 
6,  the  Southwest  Monsoon  season  is  clearly  defined  for 
each  subregion.  Note  that  Southwest  Monsoon  onset, 
duration,  and  weather  may  vary  in  each  of  the  four 
subregions  from  one  year  to  the  next. 


Figure  2-5  is  a  three-dimensional  view  of  Southern 
Asia  and  the  Indian  Ocean  from  40°  to  l(K)°  E  and  from 
10°  S  to  40°  N;  it  shows  the  most  important  features  of 
the  Southwest  Monsoon  as  it  allccts  the  Horn  ol  Alrica. 
The  western  portion  of  the  Ethiopian  Highlands  from  33° 
to  40°  F.  and  from  5°  to  18°  N  is  affected  by  tropical 
easterlies  above  the  HMXKMoot  (3,050-mcter)  or 
7(H)-inillibar  level,  but  low-level  circulation  is  altogether 
different.  The  surface  Monsoon  Trough  discussion  in 
this  section  describes  the  differences  between  Indian 
Ocean  and  African  low-level  circulations. 
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□  Upptr  tropo»ph«r*  <10-16  km) 

|  Miodl*  tropo>ph«r«  (3*10  km) 

|  Lower  tropo»ph»r*  (below  3km) 


Figure  2*5.  Southwest  Monsoon  Circulation  Over  Southern  Asia  and  the  Indian  Ocean  (from  Hamilton, 
1987).  The  Tropical  Easterly  Jet  (TEJ)  is  shown  in  Figure  2-7.  The  Southern  Equatorial  Trough  (SET)  is  also 
shown  in  Figure  2-20a-c. 


THE  TIBETAN  200-MB  ANTICYCLONE.  This 
semipermanent  upper-air  cell  acts  not  only  as  an 
upper-level  heat  source,  but  as  an  outflow  mechanism  for 
sustaining  surface  Monsoon  Trough  convection  between 
May  and  October.  Latent  heat  of  condensation  from 
widespread  convection  over  Burma  begins  anticyclone 
formation  in  late  April  and  early  May.  Strong  surface 
heating  on  the  Tibetan  Plateau  shifts  this  massive 
upper-level  high  to  Tibet  in  mid-  to  late  May.  The  mean 
July  200-mb  (low  pattern  over  south  central  Asia  (Figure 
2-6a)  shows  the  large-scale  anlicyclonic  circulation 
anchored  over  the  Tibetan  Plateau  by  strong  early  and 
mid-summer  surface  healing. 

By  August,  moderate  snow  cover  produced  by 
strong  Southwest  Monsoon  convection  begins  to  lower 
surface  temperatures  on  the  elevated  Tibetan  Plateau. 


The  energy  that  normally  goes  into  surface  healing  is 
now  used  to  melt  the  snowfall  and  evaporate  the  runoff. 
Surface  temperatures  arc  affected  immediately,  hut 
cooling  aloft  is  gradual  because  it  usually  takes  I  to  2 
months  for  surface  effects  to  reach  upper  levels,  Satellite 
research  shows  that  the  Tibetan  Plateau  is  snow-free  80% 
of  the  lime  during  the  early  Southwest  Monsoon  months. 
The  upper-level  anticyclone  weakens  by  October  because 
the  surface  "trigger"  is  eliminated  and  upper-level 
westerlies  move  southward  over  the  Plalcau. 

Note  that  the  anticyclone  first  appears  in  May  to  the 
southeast  of  the  Tibetan  Plateau  as  intense  convection 
warms  the  upper  troposphere.  The  anticyclone  forms 
over  northern  Burma  (see  Figure  2-6b)  but  moves 
northwest  with  intense  surface  heating  over  the  Tibetan 
Plalcau,  the  surface  of  which  lies  at  about  5(X)  mb. 
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Figure  2-f»a.  Mean  July  200-mb  Flow  Over  the  North  Indian  Oceun  and  Arabian  Sea.  The  "H"  marks  the 
mean  position  ol  the  Tibetan  20()-mb  Anticyclone.  Dashed  lines  are  isoiachs  (kts). 


Figure  2-6b.  Mean  May  200-mb  Flow  Over  the  North  Indian  Ocean  and  Arabian  Sea.  Researchers  believe 
that  heavy  convection  initiates  the  anticyi  Ionic  couplet  responsible  Tor  the  Southwest  Monsoon’s  upper  level  How 
pattern  over  the  western  Indian  Ocean.  The  "H"  marks  the  mean  position  of  the  Tibetan  200-mb  anticyclone. 
Dashed  lines  are  isotachs  (kts). 
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THE  TROPICAL  EASTERLY  JKT  (TEJ).  This 
summer  feature  in  the  upper-level  easterlies  develops  us 
outflow  from  the  southern  edges  of  Tibetun  2(X)-mb 
circulation.  The  TEJ  provides  un  outflow  mcchunism  for 


sustaining  heavy  Southwest  Monsoon  convection.  Its 
mean  position  Is  ul  uboul  1 1°  N,  blit  it  oscillates  between 
7°  30’  N  and  18°  N.  Highest  wind  speeds  (90  knots)  are 
found  between  1(X)  und  2(X)  mb. 


Figure  2-7.  Mean  July  200-mb  Zonal  Flow.  The  dark  arrow  is  the  TEJ.  The  stippled  area  represents  easterly 
How.  Dashed  lines  are  isolachs  in  knots.  Solid  lines  are  westerly  How  isoiachs. 


the  mascarene  (south  Indian  ocean) 

HKiH.  This  semipermanent  southern  hemisphere 
high-pressure  cell  provides  cross-equatorial  flow 
(through  the  Somali  Jet)  from  April  through  October. 
Figures  2-8a-d  show  mean  large-scale  surface  pressure 
patterns  over  the  Indian  Ocean  during  the  Southwest 
Monsoon.  Note  that  mean  surface  pressure  patterns  (like 
the  ones  shown  in  these  figures)  do  not  reflect  actual 
surface  flow  in  the  tropics.  As  a  result,  wind  data  and 
streamline  analyses  are  required  to  extract  the  Somali  Jet 
from  the  broad-scale  How  pattern. 


The  Mascarene  High’s  mean  April  position  (Figure 
2-8a)  is  32°  S,  83°  E,  with  a  central  pressure  of  1021  mb, 
By  July  (Figure  2-8b),  it  strengthens  to  1023  mb  and 
shifts  northwest  to  a  mean  position  near  28°  S,  63°  E.  In 
August  (Figure  2-8c),  mean  central  pressure  peaks  at 
1028  mb  and  the  High  migrates  southeastward  to  30°  S, 
68°  E.  Maximum  low-level  cross-equatorial  llow  peaks 
between  July  and  August.  In  October  (Figure  2-8d),  the 
High  migrates  further  eastward  to  29°  S,  80°  E;  central 
pressure  weakens  to  1023  mb. 
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Figure  2-8u.  Mean  April  Surface  Position  of  the  Mascurene  High. 


Figure  2-8b.  Mean  July  Surface  Position  of  the  Mascarene  High. 
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Figure  2-8c.  Mean  August  Surface  Position  of  the  Mascarene  High. 


Figure  2-8d.  Mean  October  Surface  Position  of  the  Mascarene  High. 


The  Mascurcnc  High’s  semiannual  oscillation 
provides  low-level  support  for  Southwest  Monsoon 
circulation;  between  April  and  October,  it  produces 
nearly  all  low-level  llow  into  the  Horn  of  Africu,  except 
for  extreme  western  Ethiopia.  Cross-equatorial  llow  is 


concentrated  l>elwcen  .19°  and  43°  E--sce  Figure  2-9. 
East  Alrican  terrain  compresses  the  llow  into  what  wc 
know  as  the  Somali  Jet-lhc  most  Important  Southwest 
Monsoon  weather  feuture  in  the  Indian  Ocean  Plain  and 
Ethiopian  Highlands  subregions. 


-A 


Figure  2-9.  Entry  Point  for  Cross-Kquatorial  Outflow  from  the  Mascarene  High  into  the  Indian  Ocean  Plain 
and  Eastern  Ethiopian  Highlands.  Inset  detail  shows  actual  5,(XX)-lbol  wind  speed  (kts)  and  direction  on  27  June 
1964.  The  Somali  Jet  core  is  shown  as  the  curved  arrow. 


THE  SOMALI  JET.  From  April  to  late  October,  the 
Somali  Jet  enters  the  Northern  Hemisphere  between 
4,(XX)  and  7,(XX)  feel  (1,220-2,134  meters)  MSL  near  the 
Kcnya-Somalia  border  at  3943°  E.  Mascarcnc.  High 
outflow  is  compressed  into  a  high-speed  jet  core  along 
the  eastern  edge  of  Africa’s  Great  Rift  System  between 


5°  S  and  the  Equator.  The  Jet  has  the  usual  low-lcvcl  jet 
diurnal  speed  variation.  Research  shows  that  mean  core 
speeds  arc  between  25  and  40  knots.  Large-scale 
"forcing"  causes  mean  monthly  jet  core  wind  speeds  to 
oscillate  northward  from  April  to  July  (see  Figure  2-10), 
then  back  south  between  August  and  October. 


) 
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Figure  2-10.  Successive  Positions  of  the  20-Knot  Isotach  at  3,000  Feet  (915  meters)  A(JL  Between  April  and 
July  (from  Findlater,  1971).  Augusi-Scpicmber  positions  arc  not  shown. 


Day  to  day  flow  often  shows  more  than  one  39-41°  E.  Typically,  the  jet  loses  moisture  over  land 
maximum  wind  speed  core.  As  a  result,  moan  monthly  north  of  the  equator,  but  tneso-  and  synoptic -scale 
850-mb  flow  patterns  do  not  always  depict  the  actual  moisture  conditions  may  produce  cloud  cover  along  the 

daily  Somali  Jet  core  position.  Figure  2-11  shows  a  entire  jet  axis, 

single  jet  core  cross-section  between  1  and  2°  S  and 
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Figure  2-1 1.  Observed  Characteristics  (Shear  Zones/Cloudiness)  of  the  Somali  Jet  (from  Findlutcr,  1972). 

Shaded  regions  represent  zones  of  maximum  shear.  Areas  enclosed  in  brackets  represent  typical  cloud  cover 
patterns  around  the  jet  core,  in  eighths.  Other  displays  are  self-explanatory. 


Normally,  the  Somali  Jet  crosses  the  equator  as 
moist  southerly  flow  that  turns  northeastward  along  the 
Indian  Ocean  Plain/Easlem  Ethiopian  Highlands  from 
the  equator  to  11°  N.  It  leaves  the  study  area  near  Cape 
Guardafui.  North  of  6°  N,  the  Jet  is  very  dry. 
Differential  land-wean  healing  and  jet-induced 
upwelling  (positive  "feedback"  mechanism)  off  the 
Somalia  coast  may  further  intensify  it.  A  l(X)-Fnol  wind 
speed  at  660  feet  (2(X)  meters)  AGL  has  been  recorded  at 
Cape  Guardafui.  Eastward-moving  southern  hemisphere 
perturbations  also  cause  12-48  hour  fluctuations  in  speed. 
Height  and  speed  variations  in  single  or  multiple 
low-level  jets  are  primarily  produced  by  synoptic-scale 
surges.  Individual  jet  core  wind  speeds  run  from  40  to 


65  knots.  Several  branches  often  form  south  of  the 
equator,  but  the  East  African  Plateau  compresses  the 
flow  into  one  4.000-  to  7, 000-fool  (1,220-  to 
2, 134-meter)  MSI.  jet  north  of  the  equator.  Other 
low-level  jets  often  develop  below  2,000  feet  (610 
meters)  MSL  during  the  day. 

Figure  2-12  illustrates  the  variable  height  and  speed 
in  a  single  jet  stream  movement  over  the  region.  Figure 
2-1.1  shows  multiple  low-level  jets  entering  the  northern 
hemisphere;  it  does  not  represent  a  constant  level  or 
pressure  surface  because,  jet  cores  meander  vertically  as 
well  as  horizontally. 
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Figure  2-12.  Movement  of  the  Somali  Jet  Core,  13-14  August  1966  (from  Findluter,  1969).  Note  the  maximum 
wind  speed  fluctuation  with  height  (numbered  circles  at  point  of  wind  arrow  in  thousands  of  lect  MSL)  between 
0500Z  on  1 3  Aug  1966  and  1 100Z  on  the  14th. 
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Figure  2-13.  Multiple  Low-Level  Jets  on  26  July  1966  (! 
individual  jet  cores.  Circled  numbers  represent  height  (AGL) 


Note  lhu<  while  Ihc  synoptic  conditions  shown  below 
in  Figure  2-14  favor  Somali  Jet  How  "surges,"  they  do 
not  necessarily  cause  ull  fluctuations  in  Somuli  Jet  wind 
speed.  Research  confirms  that  surges  in  cross-cqualoriul 
flow  are  related  to  southern  hemisphere  low-pressure 


trough  passages;  the  intensity  of  the  Somali  Jet  surge 
lags  passage  of  southern  hemisphere  troughs  through  the 
Mozambique  Channel  by  a  duy  to  u  day  and  u  half. 
Surges  muy  produce  sudden  increases  in  cloudiness  and 
precipitation. 


Figure  2-14.  A  Southern  Hemisphere  Frontal  Passage  Typical  of  Those  That  May  Produce  Air  Flow  Surges 
in  the  Somali  Jet.  This  southern  polar  view  shows  a  southern  hemisphere  frontal  passage  through  the  Mozambique 
Channel-  a  passage  that  creates  favorable  conditions  for  cross-equatorial  surges  in  Somali  Jet  flow. 
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Figures  2- 1 5«-h  show  3-hour  wind  speed  prof  iles  of  Ohhiu  (39  feel/ 1 2  meters).  The  diurnal  oscillation  eyele 
sounding  composites  taken  between  23  June  and  I  July  is  ttppurenl.  The  relutivc  locutions  of  Burao  and  Obbia 
1977  for  Bumo  (elevation  3,421  fcct/1,043  meters)  and  urc  shown  in  Figure  3-1. 


TIME  (HOURS  CMT) 


Figure  2-15u.  Composite  3-Hour  Wind  Speed  (m/s)  Profiles  for  Burao,  SI.  The  strongest  wind  speeds  aloft  are 
found  overnight,  peaking  at  40  knots  by  dawn  near  2,.«5(X)  feet  (750  meters)  AGL. 


Figure  2-I5b.  Composite  3  Hour  Wind  Speed  (m/s)  Profile  for  Obbia,  SI.  A  nocturnal  jet  is  also  present  at 
Obbia.  Maximum  speed  (50  knots  at  2,500  feet/750  meters)  AGL  occurs  at  midnight. 


THE  PAKISTANI  HF:AT  LOW.  This  low-lcvcl 
feature  (normally  cloud-free)  is  present  over 
northwestern  India  and  southern  Pakistan  between  May 
and  early  October.  It  usually  breaks  down  in  October  as 
insolation  decreases  and  the  Asiatic  High  becomes 
established  over  south  central  Asia.  Intensification  of  the 
Pakistani  Heat  Low  forces  the  mean  Somali  Jet  core 


position  (the  20-knot  isolach)  to  oscillate  northward  and 
southward  over  the  Horn  of  Africa  between  May  and 
October-sec  Figure  2-10.  As  shown  in  Figure  2-  16a,  the 
low  anchors  the  eastern  edge  of  the  larger  scale  trough 
extending  from  India  to  the  Sahara  Desert  during 
northern  hemisphere  summer.  Central  pressure  ranges 
from  992  to  996  mb  by  late  June. 
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Figure  2-16.  The  Pakistani  Heat  Low  in  Association  with  a  Large-Scale  Thermul  Low  Pressure  Trough 
(shuded)  Over  SWANF'A  Region  During  Northern  Hemisphere  Summer. 


THB  MONSOON  TROUGH.  Movement  of  the 
surface  Monsoon  Trough  over  the  Horn  of  Africa  is 
extremely  complex  because  of  topography.  The 
Ethiopian  Highlands,  for  example,  form  a  natural  barrier 
to  airflow  from  the  surface  to  850  millibars;  they  split  the 
surface  Monsoon  Trough  into  two  distinctly  separate 
axes.  West  of  the  Ethiopian  Highlands,  the  convergent 
wind  fields  that  produce  surface  Monsoon  Trough 
oscillations  originate  in  the  equatorial  South 
Ailantic/equatorial  Africa  and  the  Sahara  Desert.  East  of 


the  Highlands,  cross-equatorial  outllow  from  the 
Mascarcne  High  is  the  only  factor  in  surface  Monsoon 
Trough  movement  and  position.  The  Turkana  Channel 
(in  northwestern  Kcnya/soulhcastcrn  Sudan-sec  Figure 
1-3)  and  the  Red  Sca/Gulf  of  Aden  corridor  are  the  only 
areas  where  both  Trough  axes  (Interior  Africa  and  Indian 
Ocean)  can  temporarily  link  up  along  the  Horn  of  Africa. 
Figure  2-17  shows  the  surface  Monsoon  Trough’s  mean 
position  and  movement  over  the  region  from  April 
through  November. 
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Figure  2-17,  Mean  Surface  Monsoon  Trough  Positions:  April  through  November.  Grey  shading  represents 
elevations  above  3, (XX)  feet  (915  meters);  dark  shading,  elevations  above  6,560  Icct  (2, (XX)  meters).  Dotted  lines 
over  the  Red  Sca/Gulf  of  Aden  corridor  represent  fragmented  or  discontinuous  surface  Monsoon  Trough  positions. 

The  surface  Monsoon  Trough  lies  across  the  African  Ethiopia.  Another  source  ol  equatorial  moisture  is  the 

interior  and  along  the  axis  of  converging  wind  fields  Turkana  Channel.  Weak  (7-  to  II -knot)  southeaster! ics 

produced  by  the  Azores  and  South  Atlantic  Highs.  This  generated  by  the  Somali  Jet  recurve  through  the  Channel 

"Interior  Africa"  Monsoon  Trough  is  made  up  of  a  series  northward  along  the  southern  and  western  Ethiopian 

of  thermal  lows  oriented  WSW  to  ENE  across  central  Highlands.  On  rare  occasions,  a  deep  migratory 

and  west  central  Africa.  Flow  into  these  lows  separates  mid-latitude  low-pressure  cell  induces  strong  southerly 

subtropical  northeasterly  from  cross-equatorial  flow  ahead  of  a  modified  cold  Ironl  between  February 

southwesterly.  Typically,  the  "Interior  Africa"  and  May.  Such  Irontal-lype  events  may  produce 

Monsoon  Trough’s  northward  migration  (from  April  to  Tarkana  Channel  winds  up  to  60  knots,  with  the  highest 

June)  is  gradual,  but  the  cqualorward  oscillation  speeds  in  the  morning  hours. 

(September  to  November)  is  abrupt. 

The  surface  Monsoon  Trough  axis  over  the  African 
Short-term  northward  surges  occur  continually  interior  produces  abrupt  surlace  discontinuities  in 

between  late  March  and  late  April,  lasting  for  12-36  specific  and  relative  humidity.  The  Intcrtropical 

hours.  They  occur  when  a  burst  of  cross-equatorial  Discontinuity  (ITD)  forms  the  boundary  between  moist 

moisture  from  equatorial  Africa  enters  southwestern  southwesterly  and  dry  norlheasterlies  alolt.  The  ITD 
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slopes  southward  (as  shown  in  Figure  2-18)  to  (XX)  mb 
about  250  NM  south  of  the  surface  Monsoon  Trough 
uxis;  the  /one  of  maximum  convergence,  cloudiness, 
and  precipitation  is  found  here,  as  well.  Rugged  terrain 
in  cast  Africa  disrupts  (he  well-defined  ITD  ubovc  3, (XX) 


feet  (915  meters),  but  moist  low-level  How  often 
penetrates  the  deep  river  valleys  of  western  Elhiopiu-scc 
Figure  2-19.  The  maximum  moisture  influx  into  western 
Ethiopia  is  in  July  and  August,  resulting  in  massive 
orogruphic  uplift  und  deep  vertical  mixing. 


Figure  2-18.  Vertical  Cross  Section  of  the  "African  Interior"  Monsoon  Trough  and  the  Intertropicul 
Discontinuity  (ITD)  (from  Omotosho,  1984). 


Over  the  African  interior,  cloudiness  and  rainfall 
rarely  surge  north  of  16°  N  until  the  surface  Monsoon 
Trough  merges  with  the  "Indian  Ocean"  surface 
Monsoon  Trough  in  July  and  August  over  the  Red  Sea 


and  Gulf  of  Aden.  When  this  happens,  expect  maximum 
cloud  cover  and  precipitation  in  the  western  Ethiopian 
Highlands.  Figure  2-19  shows  favorable  low-level 
moisture  pathways  into  the  western  Highlands. 
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Figure  2-19.  Mean  Surface  Monsoon  Trough  Position  and  Natural  Pathways  (Arrows)  for  Low-Level  Inflow. 
The  inflow  pictured  produces  heavy  convection  in  the  western  Ethiopian  Highlands  during  July  and  August.  The 
darkened  areas  are  above  2,000  meters  (6,560  feel).  The  inset  shows  mean  850-mb  streamline  flow. 


The  surface  Monsoon  Trough  position  over  the  In  summer,  there  are  two  trough  axis  lines  in  the 

western  Indian  Ocean  is  controlled  entirely  by  the  Somali  western  Indian  Ocean;  these  arc  referred  to  by  some 

Jet.  Dry  Sahara  Desert  air  docs  not  penetrate  eastward  meteorologists  as  the  "Northern  Equatorial  Trough" 

across  the  Ethiopian  Highlands;  as  a  result,  the  "Indian  (NET)  and  the  "Southern  Equatorial  Trough"  (SET). 
Ocean"  segment  of  the  surface  Monsoon  Trough  over  the 

Horn  of  Africa  and  adjacent  Indian  Ocean  is  without  an  The  NET  (the  Indian  Ocean  surface  Monsoon 
1TD.  Furthermore,  the  Mascarene  High  is  solely  Trough)  oscillates  across  30°  of  latitude  over  the  Indian 
responsible  for  initialing  and  sustaining  the  Somali  Jet  Ocean  during  the  Southwest  Monsoon  (see  Figures 
during  the  Southwest  Monsoon.  2-20a-c).  The  Somali  Jet  (southerly  low-level  llow) 

controls  the  position  of  the  NET  axis.  By  late  June,  the 
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"Indian  Ocean"  .surface  Monsoon  Trough  is  positioned 
over  the  northern  Arabian  Sea,  However,  the  mcun  SET 
axis  oscillates  only  1 1°  of  lulitudc  between  7°  S  and  4° 
N,  Weak  large-scale  equatorial  flow  occurs  over  the 
cquutorial  Indian  Ocean  between  50°  and  75°  E. 
Normally,  a  bund  of  weak  low-level  cquutorial  westerlies 
associated  with  broad  cross-equatoriul  flow  over  the 
equatorial  Indiun  Ocean  (not  with  the  Somali  Jet) 
oscillates  along  und  north  of  the  equator  between  June 
and  August.  These  cquutoriul  westerlies  lie  between  the 
NET  and  SET.  Cloud  bands  frequently  develop  along 


the  SET  where  cyclonic  vorticity  and  convergence  is 
present.  A  double  cloud  bund  has  been  observed  on 
satellite  imagery  during  some  southwest  monsoons 
between  June  and  August.  SET  cloudiness  may 
propugate  westward  over  Somalia  when  the  SET  cloud 
cover  organizes  into  a  significant  synoptic  weuther 
system.  Figures  2-2()a-c  show  NET  und  SE  C  (tositions 
during  June,  July,  and  August.  Note  that  the  surface 
Monsoon  Trough  positions  shown  in  Figure  2-17  do  not 
differ  significantly  from  Findlulcr's  3,000-fool 
(915-meter)  NET  positions  in  Figures  2-2()a-e. 


Figure  2-20a.  Mean  June  Positions  of  the  3,000-foot  Monsoon  Trough  (NKT)  and  the  Southern  Equatorial 
Trough  (SET)  (from  Findlater,  1971). 
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Figure  2-20b.  Mean  July  Positions  of  the  3,000-foot  Monsoon  Trough  (NET)  and  the  Southern  Equatorial 
Trough  (SET)  (from  Eindlater,  1971). 
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Figure  2-20c.  Mean  August  Positions  of  the  3,000-foot  Monsoon  Trough  (NET)  and  (he  Southern  Equatorial 
Trough  (SET)  (from  Findlater,  1971). 


THB  NORTIIKAST  MONSOON.  Belwecn  December 
und  March,  Northeast  Monsoon  circulation  dominates 
the  Horn  of  Africa.  Generally,  the  Northeast  Monstxm 
(winter)  is  the  "dry"  season,  and  the  Southwest  Monsoon 
(summer)  the  "wet"  season,  But  complex  terrain  features 
cun  result  in  "wet"  Northeast  Monsoon  conditions  along 
the  Red  Sea/Gulf  of  Aden  corridor.  In  Chapters  .4-6, 
Northeast  Monsoon  flow  (Dccember-March)  is  referred 
to  as  the  dominant  weather  feature.  Readers  should 
review  the  "General  Weather"  sections  with  cure,  since 
Northeast  Monsoon  flow  also  affects  both  transition 
periods  (Octobcr-November  and  April-May ). 

Any  discussions  of  the  Northeast  Monsoon  must 
include  the  Asiatic  High,  the  Saharan  High,  und  the 
Saudi  Arabian  High.  Surface  outflow  from  these 
high-pressure  cells  combine  with  topography  along  the 
Red  Sca/Gulf  of  Aden  corridor  to  produce  orographic 
uplift  and  the  Red  Sea  Convergence  Zone  (RSCZ).  The 
Saharan  High  (by  itscID  may  also  contribute  to  atypical 
"Northeast  Monsoon"  weather  in  northwestern  Ethiopia. 


THE  ASIATIC  HIGH.  This  strong  but  very  shallow 
system  dominates  much  of  the  Asian  continent  from  late 
September  to  late  April.  Radiation  cooling  is  the  primary 
mcchunism  for  its  formation  and  intensification. 
Migratory  Arctic  air  masses  moving  soulhward  into 
central  Asia  temporarily  reinforce  and  intensify  this  high. 
Mean  central  pressure  (1035  mb)  is  over  Western 
Mongolia.  Pressure  is  stronger  in  January  and  February, 
but  vertical  extent  rarely  exceeds  850  mb. 

Figure  2-2 1  a  shows  the  Asiatic  High’s  mean 
October  position.  Mean  central  pressure  (1023  mb)  is 
near  48°  N,  l>0°  E.  Note  that  the  Pakistani  Heal  Low 
(1010  mb)  and  thermal  trough  arc  also  shown;  the 
broad-scale  thermal  trough  (shaded)  is  much  weaker 
because  global  radiation  levels  arc  decreasing  rapidly 
from  north  to  south.  In  turn,  radiation  cooling 
strengthens  the  Asiatic  High  over  south  central  Asia. 
The  transition  from  Southwest  to  Northeast  monsoon 
flow  soon  follows. 


Figure  2-21a.  Mean  October  Surface  Position  of  the  Asiatic  High.  The  Pakistani  heat  low  and  broad-scale 
thermal  trough  (shaded)  are  also  shown. 
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The  mean  November  surface  pressure  pattern  result,  low-level  northeasterly  How  penetrates  into  the 

(Figure  2-2 1 b)  shows  the  mean  Asiatic  High  near  48°  N,  Horn  or  Africa.  Northeast  Monsoon  How  is  sustained 

80°  E.  Central  pressure  has  strengthened  to  1031  mb.  until  lute  March,  when  the  Asiatic  High  weakens  and 

The  broad  thermal  trough  that  anchors  the  surface  intense  surface  heating  again  produces  the  broad-scale 

Monsoon  Trough,  however,  is  no  longer  present.  As  a  thermal  trough  and  Pakistani  Heat  t.ow. 


Figure  2-2  lb.  Mean  November  Surface  Position  of  the  Asiatic  High.  Note  the  surface  trough  in  the  mean 
surface  pressure  field  at  50°  E  (dashed  line).  The  trough  axis  separates  Northeast  Monsoon  How  from  weak  mean 
westerly  flow  from  the  Azores  and  Saharan  Highs. 


Figure  2-2  lc  shows  the  Asiatic  High  at  its  mean 
peak  strength  (1035  mb)  near  49°  N,  97°  E.  Maximum 
low-level  northeasterly  llow  is  in  January  and  February 
because  south-central  Asia  is  extremely  cold.  The 


Asiatic  High  may  exceed  1050  mb  lor  1-3  day  periods; 
the  highest  recorded  surface  pressure  is  1083  mb. 
Extremely  strong  highs  may  intensify  northeasterly  llow 
despite  the  "blocking"  effects  of  the.  Himalayas. 


A 


Figure  2-21c.  Mean  January  Surface  Position  of  the  Asiatic  High. 
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The  mean  March  surface  position  of  the  Asiatic  equator.  By  the  end  of  March,  northeasterly  How 
High  is  53  N,  82  E;  mean  central  pressure  is  now  1029  penetrates  southward  to  only  10-1!°  N.  The  weak 

mb.  Since  the  cell  migrates  northward  and  weakens  with  Asiatic  High  surface  pressure  pattern  and  reduced 

northern  hemisphere  warming  in  the  mid-latitudes,  northeasterly  (low  over  the  Horn  of  Africa  is  quickly 

northeasterly  flow  over  the  Horn  of  Africa  is  reduced.  replaced  by  lower  surface  pressure  (the  shaded  region  in 

Initially,  the  Northeast  Monsoon  retreats  along  the  Figure  2-2  lc)  in  the  subtropics. 


Figure  2-21d.  Mean  March  Surface  Position  of  the  Asiatic  High. 
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In  April,  increasing  solar  radiation  weakens  the  Arabia,  and  northeastern  Sudan.  Noilhcasierlics 

Asiatic  High’s  ntcan  central  pressure  to  1022  mb.  The  disappear  altogether, 

broad-scale  thermal  trough  reappears  over  India,  Saudi 


Figure  2-2  le.  Mean  April  Surface  Position  of  the  Asiatic  High.  The  broad-scale  thermal  trough  is  shaded. 


THK  SAHARAN  HHJH.  The  Saharan  High  (an 
apparent  extension  of  the  Azores  High)  provides  weak 
surface  (low  to  the  Yemen  Highlands  and  northwestern 
Ethiopian  Highlands  between  December  and  early  April. 
Actually  a  mean  position  of  transitory  high  cells,  its 
mean  January  position  (26°  N,  20°  E)  is  shown  in  I  igurc 
2-22a;  central  pressure  is  1021  mb.  The  mean  April 
position  (25°  N,  22°  E)  is  shown  in  Figure  2-22b;  mean 
April  central  pressure  is  1018  mb.  Because  moisture 
advcclion  and  cyclonic  activity  rarely  affect  the  north 
and  central  Sahara  south  of  20°  N,  Saharan  High  outflow 
is  dry  and  cool.  The  dry  desert  air,  along  with  radiation 
cooling,  intensifies  the  High  and  makes  it  a  mean  surface 
feature  from  December  to  early  March. 


Mean  global  sea  level  pressure  charts  typically  show 
the  Saharan  High  extending  eastward  from  the  Azores 
High.  Undisturbed  synoptic  weather  patterns  in  the 
Sahara  often  produce  an  extensive  high  pressure  ridge 
over  northern  Libya  and  west-central  Egypt,  but  the 
Saharan  High  is  actually  a  transitory  cold  core  high- 
pressure  cell.  Its  transitory  nature  is  most  evident 
between  late  January  and  early  April  when  deep  polar 
troughs  enter  north  Africa.  The  Saharan  High  generally 
moves  eastward  ahead  of  the  disturbance  or  disappears 
from  synoptic  charts  entirely.  It  usually  reforms  at  the 
surface  within  1 2-24  hours  after  a  frontal  passage. 
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In  ihc  rare  case  of  a  strong  transitory  high  pressurv 
ceil  (hat  supports  a  deep  mid-latitude  (rough  passage 
across  the  central  Red  Sea  basin,  northwester! ics 
penetrate  southward  (to  8°  N)  over  North  Africa.  The 
western  Ethiopian  Highlands’  rugged  north-south  terrain 
from  16°  to  4°  N  normally  prevents  Saharun  High 
outflow  front  penetrating  cast  of  37  degrees. 

Frequent  undisturbed  weather  patterns  along  the 
central  and  southern  Red  Sea  basin  and  the  southeastern 
Sahara  Desert  allow  the  persistent  Suhanm  High  to 
generate  weak  west-northwesterly  surface  How  around 
the  Ethiopian  Highlands.  North  of  16°  N,  terrain 
averages  only  2,000  feel  (610  meters)  MSL;  as  a  result, 
north  westerlies  extend  southward  to  16°  N  over  the  Red 
Sea’s  open  waters.  The  weak  but  persistent  northerly 
wind  component  and  the  associated  shallow  air  mass 
over  open  water  represent  the  Saharan  High  oulllow 
boundary's  southeastern  limit. 


THK  SAUDI  ARABIAN  HIGH,  centered  over 
northwestern  Saudi  Antbiu,  is  un  eastward  extension  of 
the  A/.orcs-Sahurnn  High  pressure  ridge  in  undisturbed 
synoptic  conditions.  It  is  well-defined  over  the  Saudi 
Arabian  peninsula  on  synoptic  charts  during  extended 
fair  weather  periods.  Its  surface  and  mid-level 
anticydonic  circulation  is  common  throughout  the 
December-March  Northeast  Monsoon.  Westerly  oulllow 
from  the  cell’s  northern  edges  steers  Mediterranean 
low-pressure  systems  and  their  tniiling  cold  fronts  into 
the  northern  Red  Sea  and  north  central  Saudi  Arabia. 
East-northeasterly  flow  prevails  along  the  cell’s  southern 
Hanks,  helping  to  regulate  Northeast  Monswm  How  into 
the  Gull  of  Aden  and  the  eastern  Yemen  Highlands.  The 
cell’s  November  position  strengthens  northeasterly  llow 
into  the  western  Gulf  of  Aden,  through  the  Straits  of  Bub 
al  Mandab,  and  into  the  southern  Red  Sea.  The  High’s 
November  and  January  positions  arc  shown  in  Figure 
2-23u  &  b.  It  reaches  its  southernmost  position  in 
March,  as  shown  in  Figure  2-2.3c. 


30* 


Figure  2-23a.  Mean  November  Gradient  Flow  and  Position  of  the  Saudi  Arabian  High.  Dashed  lines  arc 
isotachs  (kts). 
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TIIK  Rl'l>  SKA  CONVERGENCE  ZONK,  Terrain  the  Straits  of  Bah  al  Mandah,  where  it  converges  with 
along  the  Gull  of  Aden  chunncls  Saudi  Ambian  High  weak  northerly  flow  from  the  Saharan  High  to  produce 
outflow  and  Northeast  Monsoon  flow  northwestward  the  Red  Sea  Convergence  Zone  (RSCZ),  shown  in  Figure 
into  the  Red  Sea.  The  flow  becomes  southerly  north  of  2-24. 


Figure  2-24.  Interaction  of  Saudi  Arabian  and  Saharan  High  Surface  Flow  Produces  the  Red  Sea 
Convergence  Zone  (RSCZ)  (from  Fett,  1980). 


As  shown  above,  The  Red  Sea  Convergence  Zone  Saudi  Arabian  Highs  usually  set  up  weak  convergent 

(RSCZ)  forms  a  continuous  band  of  straiocumulus  (low,  with  Northeast  Monsoon  circulation  supporting 

(oriented  WS  W-ENE)  over  open  water,  but  mountains  in  daily  and  monthly  oscillations  in  the  trough  axis  position, 

the  Yemen  and  Ethiopian  Highlands  break  up  the  feature  October  and  November  llow  is  shown  in  the  figures  by 

over  land.  Figure  2-25  shows  the  Octobcr-April  wind  speed  increases  north  of  the  Straits  of  Bab  al 

sequence  of  this  feature.  Weak  surface  convergence  first  Mandah.  The  RSCZ’s  mean  monthly  position  is  shown 

appears  as  a  trough  line  between  18°  and  20°  N  in  early  by  the  thick  dashed  lines. 

October.  Between  October  and  April,  the  Saharan  and 
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The  (rough  oscillates  little  during  undisturbed 
weather  periods  because  of  weak  winds,  The  RSCZ, 
however,  oscillates  under  three  conditions: 

(/)  When  a  southward  displuccment-on  the  order 
of  I  -3  days-occurs  as  shortwave  troughs  pass  over  the 
Red  Sea.  These  shortwaves,  with  strong  northwesterly 
How,  move  llic  RSCZ  to  between  13°  and  15°  N. 

(2)  When  warm  air  advection  from  interior  Africa 
produces  northward  movements  in  the  RSCZ.  Typically, 
deep  upper-level  troughs  penetrate  low  latitudes  in 
Junuary  and  February.  Warm  equatorial  air  and 
southerly  llow-ahcad  of  the  cold  front-surges 
northeastward  into  the  central  Red  Sea.  Low-level  How 
lifts  orogruphically  along  the  north  Yemen  Highlands 
subregion.  Convergence  between  the  warm  front  und 
RSCZ  also  occurs.  The  RSCZ  may  shift  to  20-22°  N 
with  silting  southerly  How,  but  it  recovers  to  its  normal 
position  quickly  alter  the  upper-level  disturbance  drifts 


over  Saudi  Arabia.  Depending  on  its  strength,  an 
upper-level  shortwave  following  the  frontal  passage  may 
push  the  RSCZ  southward  again. 

(3)  When  there  is  an  increase  in  Northeast  Monsoon 
(low  through  the  Straits  of  Bab  al  Mandub,  possible 
during  extended  fair  weather  periods.  Southerly 
flow-deflected  through  the  Strails-mny  increase  with  a 
strengthening  Saudi  Arabian  or  Asiatic  High. 

RSCZ  oscillations  often  converge  with  land/sea 
breeze  circulations  along  Red  Sea  Coasts,  The  additional 
convergence  may  trigger  orographic  showers  and 
thundershowers  on  the  nearby  slopes  of  the  northwestern 
Ethiopian  and  Yemen  Highlands. 

MID-  AND  UPPER-LEVEL  FLOW  PATTERNS. 

Figures  2-26  through  2-29  show  January-,  April,  July,  and 
October  streamline  flow  at  850,  700,  500,  300,  and  200 
millibars  over  the  entire  SWANEA  study  area. 


Figure  2-26a.  Mean  January  Upper-Air  Flow  Patterns,  850  mb. 
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Figure  2-27a.  Mean  April  Upper-Air  Flow  Patterns,  850  mb. 


Figure  2-27b.  Mean  April  Upper- Air  Flow  Patterns,  700  mb. 
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Figure  2-28c.  Mean  July  Upper-Air  Flow  Patterns,  500  mb. 
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Figure  2-28d.  Mean  July  Upper-Air  Flow  Patterns,  300  ml). 


Figure  2-28e.  Mean  July  Upper-Air  Flow  Patterns,  200  mb. 


Figure  2-29e.  Mean  October  Upper-Air  Flow  Patterns,  200  mb. 


THE  SUBTROPICAL  RIDCK.  This  upper-level 
feature,  represented  graphically  by  the  200-mb 
anlieyclonic  ridge  axis  line,  is  the  division  between 
upper-level  westerly  and  easterly  llow.  During 
transitions  (Ociober-Novcmbcr  and  April-May),  the 
Ridge  allows  both  westerly  and  easterly  upper-level  How 
over  the  Horn  of  Africa.  Its  July  position  finds  it 
anchored  by  the  Tibetan  200-mb  anticyclone  north  of  the 
study  area. 


The  Subtropical  Ridge  oscillates  from  6°  N  in 
January  (Figure  2-30a)  to  24-27°  N  in  July  (Figure 
2-3<)b).  These  oscillations  result  in  alternating  periods  of 
westerly  and  easterly  up|>er-levcl  llow.  Westerly  llow 
(December  through  late  February)  supports  occasional 
Mediterranean  cyclonic  activity  across  the  northern  Horn 
of  Africa.  Although  January’s  and  July’s  arc  the  only 
Subtropical  Ridge  positions  provided  here,  readers  may 
infer  April  and  October  positions  from  Figures  2-27c  and 
2-29e. 


Figure  2-3()a.  Mean  January  Position  of  the  Subtropical  Ridge.  The  jagged  line  denotes  the  mean  ridge  axis 
position.  Dashed  lines  arc  isotachs  (kts). 


Figure  2-30b,  Mean  July  Position  of  the  Subtropical  Ridge.  The  jagged  line  denotes  the  mean  ridge  axis 
position.  Dashed  lines  are  isotachs  (kt). 


SYNOPTIC  DISTURBANCES 


JRT  STRKAMS.  The  dominant  jet  streams  that  affect  Saudi  Arabian  peninsula.  The  April-June  PJ  is  I'ouml 
(he  Horn  of  Afrieu  are  the  Polar  Jet  (PJ)  and  the  between  3(),(XK)  and  34,000  Icel  (9,146-10,365  meters); 

Subtropical  Jet  (STJ).  The  fonner’s  position  and  maximum  wind  speeds  are  between  60  and  140  knots, 

movement  control  cold  air  advcclion  and  mid-level 

direction  for  developing  Mediterranean  cyclones,  while  Although  the  STJ  shows  less  variability  in  its  daily 
the  STJ  provides  steering,  shear,  and  outflow  in  the  position,  its  seasonal  variability  is  greater  than  that  of  the 
upper  layers.  PJ.  Mean  STJ  positions  over  the  subtropics  range  from 

25-30°  N  (Figure  2-3  la)  to  40-45°  N  (Figure  2  31b). 

Mean  daily  PJ  position  deviates  north-to-soulh  from  Maximum  wind  speeds  between  December  and  April  run 
the  mean  by  10-300  NM,  Maximum  wind  speeds  from  from  SO  to  200  knots  at  a  mean  height  of  39,(XX)  loci 

December  to  March  vary  from  60-160  knots.  The  PJ  is  (11,890  meters)  MSL.  Speeds  between  May  and 

usually  found  near  30, (XX)  feel  (9,146  meters).  November  arc  from  30  to  60  knots  at  39,(XX)-43, (XX)  feel 

Southward  deviations  (to  30-45°  N)  are  most  frequent  (11,890-  13,110  meters)  MSL.  The  STJ  is  weakest  (30 
between  December  and  March,  but  on  rare  occasions  in  knots)  in  July  and  August,  but  it  may  exceed  50  knots 
April,  May,  or  June,  the  PJ  enters  the  eastern  Sahara  and  north  of  30°  N. 


Figure  2-31a.  Mean  January  Positions  of  the  Polar  and  Subtropicul  Jet  Streams. 
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Figure  2-31b.  Mean  July  Positions  of  the  Polar  and  Subtropical  Jet  Streams. 


The  greatest  effects  of  cither  jet  stream  are  seen 
between  December  and  April,  when  cyclonic  activity  in 
the  Mediterranean  Sea  basin  is  most  common.  Surface 
low-pressure  cells  develop  when  a  strong  Polar  Jet  digs 
southward  of  30°  N  and  forms  a  deep  upper-level  trough. 
Northerly  How  often  develops  on  the  east  side  of  a 
blocking  high-pressure  ridge  over  the  eastern  Atlantic. 
The  PJ  and  upper-level  trough  may  intensify  surface 
lows  over  the  Mediterranean  Sea  and  in  the  lee  of  the 
northwest  Africa’s  Allas  Mountains.  Northerly  flow 
insures  that  the  trough  and  the  surface  cyclone  move 
southeastward  into  the  centra!  (sometimes  eastern) 
Sahara  Desert,  but  other  factors  are  necessary  for  strong 
surface  cold  fronts  to  penetrate  to  the  central  and 
southern  ked  Sea.  Surface  cold  fronts  usually  affect  the 
Horn  of  Africa  north  of  15°  N  when  the  STJ  moves 
northward  to  join  the  PJ  and  intensify  lows  over  the 
Sahara  Desert  still  further.  The  preferred  area  of  surface 


low-pressure  center  intensification  during  PJ/STJ 
interaction  is  often  under  the  southeast  quadrant  of  the 
upper-level  trough.  The  low  often  deepens  in  the  area 
between  the  two  jet  streams.  Jet  stream  interaction  most 
frequently  occurs  with  Atlas  surface  low-pressure 
formations  because  they  are  generated  between  23  and 
30°  N-ncarcst  the  mean  position  of  the  STJ.  Figures 
2-32a,  b,  &  c  illustrate  generalized  PJ/STJ  interaction 
and  low-pressure  intensification  areas. 

Neither  jet  has  much  effect  on  the  Horn  of  Africa  in 
the  summer,  but  on  rare  occasions,  a  strong  Polar  Jet  may 
push  a  mid-level  trough  southward  into  the  STJ  as  late  as 
early  June.  For  significant  weather  to  reach  the  Horn  of 
Africa,  the  deep  eastward-moving  trough  must  move 
over  the  Red  Sea.  Otherwise,  only  a  temporary  increase 
in  mid-level  cloud  cover  extends  into  extreme  northern 
sections  of  the  Yemen  Highlands  subregion. 


Figure  2-32a.  Typical  Jet  Positions  During  Formation  or  Genoa  Low.  Surface  low 
lormalion/intcnsi  Citation  area  is  marked  by  the  "X." 


Figure  2-32b.  Typical  .let  Positions  During  Formation  of  Atlas  Low.  Surface  low 
formation/intensification  area  is  denoted  by  the  "X." 
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Figure  2-32c.  Typical  Jet  Positions  During  Formation  or  Cyprus  Low.  Surface  low 
I'ormalion/intensificalion  area  is  denoted  by  "X." 

CYCLONIC  ACTIVITY.  Three  primary  cyclogcncsis  northern  Horn  of  Africa  between  December  and  April, 
regions  in  the  Mediterranean  Sea  basin  affect  the  Their  locations  and  movement  arc  shown  in  Figure •  2-3.1. 


Figure  2-33.  Mediterranean  Cyclogenesis  Regions.  (I)  The  Genoa  Low  in  the  Gulf  of 
Genoa  and  Adriatic  Sea,  (2)  The  Allas  Low  in  the  northwest  Africa  interior,  and  (3)  The 
Cyprus  Low  in  the  eastern  Mediterranean  Sea.  Arrows  show  general  direction  of  movement 
away  from  cyclogenesis  areas. 
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Low-pressure  systems  und  surface  cold  fronts  ul'fcct 
weather  in  the  Horn  of  Africa  between  Dccemhcr  and 
April.  Synoptic  considerations  dictate  system  movement 
in  the  northern  fringes.  Associated  weather  varies 
significantly  with  each  frontal  passage. 


Typically,  one  or  two  fronts  und  their  upper-level 
troughs  pass  through  the  region  between  December  and 
April.  Intense  upper-level  polar  troughs,  moving  to  the 
southeast,  often  support  isolated  thundershower  activity 
along  the  northwestern  Ethiopian  Highlands  and  Yemen 
Highlands  subregions. 


Although  Allas  and  Cyprus  Lows  may  move  cold 
fronts  into  the  region,  very  deep  low-pressure  systems 
with  upper-level  support  are  necessity  for  heavy  showers 
or  thunderstorms. 


On  rare  occasions,  u  cold  front  may  reach  the  Clull  ol 
Aden,  us  shown  in  Figure  2-34. 


Figure  2-34.  Mediterranean-Generated  Cyclonic  Activity  and  Trailing  Cold  Front  Entering  the  Cull  of 
Aden.  The  Cyprus  Low  in  this  case  developed  along  a  cold  front  extending  from  southern  Europe.  The  solid  arrow 
shows  the  path  of  the  southern  European  cold  front,  while  the  dashed  arrow  represents  movement  of  the  Cyprus 
L.ow. 


The  denoa  Low.  Transient  upper-level  and  surface 
disturbances  intensify  in  this  low  before  migrating  into 
the  Mediterranean  and  north  Africa.  Genoa  Lows  seldom 
affect  the  Horn  of  Africa,  however,  because  the  trailing 
cold  front  is  modified  significantly  before  reaching  the 
north  African  coast  and  central  Sahara.  Genoa  Low  cold 
fronts  usually  reach  the  northern  Horn  of  Africa  as  weak 
surface  wind  shifts  with  little  or  no  cloud  development. 


The  Atlas  Low.  From  March  to  April  or  between 
October  and  early  December,  transitory  lows  lorm  in  the 
north-central  interior  of  Algeria  southeast  ol  the  Allas 
Mountains  neur  30°  N,  62°  E.  Allas  Lows  generally 
form  when  a  mid-or  upper-level  trough  (oriented 
NE-SW)  over  Spain  is  positioned  over  a  surface  low 
moving  southcuslwitrd  across  Europe.  In  March  and 
April,  the  mean  Azores  High  position  moves  north- 


) 
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westward.  The  result  is  u  subtle  shirt  in  the  mcun 
mid-level  (low  pattern  from  zonal  to  meridional. 
Meridional  (northerly)  How  favors  a  southward 
movement  of  transient  European  disturbances  along  the 
Polar  Jet,  which  often  digs  ulong  the  buckside  of  the 
500-mb  trough  to  produce  uplift  ulong  the  Alius 
Mountains.  Mid-level  cold  air  and  moisture  crosses  the 
Atlas  range  as  a  cold-core  "cut-off"  low  or  shortwave. 
These  storms  seldom  develop  or  penetrate  very  far  into 
the  Eastern  Subaru  Desert  and  northwestern  Ethiopia 
without  strong  northerly  flow  und  cold  mid-level  support. 
But  if  this  How  persists  for  more  Ilian  3  days  and  intense 
polar  air  surges  south  of  30°  N,  the  Polar  Jet  and  the 
mean  Allas  Low  storm  track  temporarily  shift  southward 
into  the  north  central  Sahara.  As  a  result,  storms  move 
due  cast  across  the  northern  Sahara  into  the  central  Red 
Sea.  Steep  pressure  gradients  along  the  frontal  boundary 
increase  the  warm  and  dry  southeasterly  Sahara  surface 
flow  ahead  of  the  developing  surface  Allas  Low. 
Without  sustained  northerly  llow,  Allas  Low  movement 
is  northeastward  over  the  south-central  Mediterranean 
along  the  polar-subtropical  jet  axes  (WSW  zonal  llow). 
Very  deep  upper-level  troughs  produce  severe  polar 
outbreaks  over  the  Sahara  Desert  in  either  case,  but 
northerly  llow  insures  that  the  surface  polar  air  mass 
pushes  the  Allas  Low  cold  front  deep  into  the  Sahara 
Desert.  The  surface  trough  is  often  followed  by  strong 
surface  high  pressure  that  accelerates  the  frontal 
boundary  southeastward  across  the  central  Red  Sea.  An 
Allas  Low  cold  front  cannot  move  southeastward  into  the 
central  and  southern  Red  Sea  Basin  without  sustained 
northerly  flow.  A  well-defined  cold  front  that  remains 
intact  and  moves  into  southeastern  Egypt  (22-25°  N) 
may  also  develop  a  secondary  surface  low-pressure  cell 
along  the  surface  cold  front. 

The  Subtropical  and  Polar  Jets  may  intensify 
disturbances  at  mid-and  upper  levels.  A  mean  wind 
speed  maxima  (80  knots  in  the  Subtropical  Jet)  occurs 
over  west  Africa  in  March  and  April.  Strong  outflow  and 


divergence  ulol'l  is  often  coupled  with  a  southward  surge 
of  the  Polar  Jet,  udding  cold  air  and  instability  to  the 
system.  A  significant  southward  displacement  in  both 
jets  must  occur  for  a  strong  Allas  Low  to  continue 
tracking  eastward  toward  the  Red  Sea  basin.  Without 
Polar  Jet  support,  the  strong  Subtropical  Jet  produces 
upper-level  shearing  over  the  central  Sahara  and  prevents 
further  easterly  movement  of  the  surface  trough. 

Intense  Allas  Lows  seldom  track  eastward  across  the 
entire  Sahara  Desert  because  many  synoptic  variables 
must  combine  perfectly  to  sustain  continuity  over  the  dry 
desert.  When  such  combinations  occur,  however,  Allas 
Lows  and  their  trailing  cold  fronts  produce  surface  winds 
greater  than  25  knots  and  widespread  dust/sand, storms 
across  the  northwestern  Horn  of  Africa.  When  an 
intense  Atlas  Low  reaches  the  Nile  River  Valley  intact,  a 
secondary  or  "cut-off"  surface  low-pressure  cell  often 
develops  along  the  primary  Allas  Low  cold  front. 

In  Figure  2-35a,  the  16  April  1964  (1200Z/I500 
LST)  synoptic  chart  shows  an  Atlas  Low  (l(K)l  mb)  over 
west  central  Saudi  Arabia.  To  the  southeast,  the 
plateaus  of  western  Ethiopia  and  extreme  cast  central 
Sudan  have  produced  a  transitory  thermal  trough  feature, 
or  Sudanese  Low  (which  see)  that  appears  on  mean 
pressure  charts  as  an  inverted  low-pressure  trough. 
Although  the  map  (typical  for  this  lime  of  year)  shows 
the  inverted  trough  (solid  lines  extending  to  the  south 
and  west  of  the  Sudanese  Low)  looking  much  like  a 
mid-latitude  front,  it  is  only  a  resemblance. 

Figure  2-35b  shows  the  synoptic  pattern  24  hours 
later,  on  17  April  at  I2()()Z/15(K)  LST.  The  Atlas  Low 
storm  track  has  turned  northeastward  and  a  secondary 
low  has  fonned  along  the  cold  front.  The  Sudanese  Low 
remains  stationary.  The  high-pressure  cell  centered  in 
the  south  central  Mediterranean  builds  into  the  Red  Sea 
and  pushes  the  cold  front  southeastward. 
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Figure  2-35a.  Synoptic  Surface  Chart  <16  April  1964,  1 200 Z/ 1500  LSI  ) 
Showing  an  Eastward-Tracking  Atlas  Low.  The  surface  trough  (Atlas  Low) 
extends  a  well-defined  cold  front  across  the  central  Red  Sea.  The  deeper  998-mb 
Sudanese  thermal  low  enhances  the  surface  trough. 


Figure  2-35b.  Synoptic  Surface  Chart  (17  April  1964,  1200Z/I500  LSI  ) 
Showing  Secondary  Low  Formation  Along  the  Active  Cold  Front. 
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The  Cyprus  Low,  This  migratory  low  may  spawn 
intense  thunderstorm  activity  over  the  eastern  Sahara 
Desert,  central  Red  Sea,  and  northern  Horn  of  Africa 
between  December  and  March.  The  two  factors 
contributing  to  Cyprus  Low  cyclogenesis  arc: 

•Low-level  (below  850  mb)  inflow  of  north¬ 
wester  lies  from  the  Aegean  Sea  over  warm 
eastern  Mediterranean  waters  (63-65°FH8°C). 

•Instability  aloft  caused  by  cold  slow-moving 
migratory  ( mid-and  upper-level)  polar  troughs. 

From  December  through  March,  one  or  two  active 
surface  cold  fronts  accompanying  a  Cyprus  Low  move 
into  the  north  Horn  of  Africa.  These  fronts  may  produce 
extensive  thunderstorm  outbreaks  in  the  northern  Yemen 
Highlands  and  Ethiopian  Highlands  subregions. 

A  thunderstorm  outbreak  with  significant  rainfall 
requires  cold  air  between  7(X)  and  500  mb,  usually 
15-l8°F/8-l()°C  colder  than  the  environment. 
Occasionally,  very  cold  polar  troughs  penetrate  northern 
Egypt  with  moist  low-level  support  generated  from 
Mediterranean  and  Aegean  Sea  moisture.  Warm  Saharan 
surface  air-with  Red  Sea  moisture  advectcd  ahead  of  the 
surface  cold  front-may  set  off  severe  thunderstorms. 
Significant  positive  vorticity  advcction  (PVA)  can  allow 
a  cold  mid-or  upper-level  trough  to  deepen  and  set  off 
thunderstorm  activity  in  the  northern  Horn  of  Africa. 

Cyprus  Lows  most  frequently  track  eastward  or 
southeastward  into  northern  Saudi  Arabia.  These  tracks 
maximize  southwesterly  surface  flow  and  moisture 
advcction  into  the  Cyprus  Low  ahead  of  the  cold  front. 
A  deep  trough  with  strong  southwesterly  surface  flow 
produces  greater  orographic  uplift  and  offers  a  better 
chance  for  thunderstorm  activity  to  spread  southward 
along  the  Red  Sea  to  16°  N. 


STORM  TRACKS.  Figure  2-36a  shows  typical 
Dcccmbcr-Fcbruary  storm  tracks  as  they  affect  the  Horn 
of  Africa.  Primary  tracks  (thick  lines)  pass  through  the 
Gulf  of  Genoa  and  eastern  Mediterranean  Basin. 
Secondary  tracks  (dashed  lines'  over  the  northern 
Arabian  Peninsula  reflect  surface  cyclogcnesis  along 
active  Cyprus  Low  cold  fronts. 


Figure  2-36a.  Primary  (solid  arrow)  and  Secondary 
(dashed  arrow)  Mid-Latitude  Storm  Tracks, 
December,  January,  and  February. 

Figure  2-36b  shows  ,hc  storm  tracks  that  affect  the 
Horn  of  Africa  in  March  and  April.  Lccsidc  troughing 
along  the  Atlas  Mountains  initiates  Atlas  Low  cyclo- 
genesis  inland  over  northwest  Africa.  The  Allas  Low 
track  produces  all  mid-latitude  frontal-type  weather  in 
the  Horn  of  Africa  in  March  and  April.  Secondary  storm 
tracks  over  the  subtropical  Sahara  relied  surface  cyclo- 
genesis  along  active  Atlas  Low  cold  fronts,  which  remain 
strong  while  migrating  eastward  into  the  Red  Sea  basin. 


Figure  2-361).  Primary  (solid  arrow)  and  Secondary 
(dashed  arrow)  Mid-Latitude  Storm  Tracks,  March 
and  April. 
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Mid- latitude  storm  tracks  between  May  and  October 
are  so  rare  that  an  attempt  to  produce  a  mean  or  "typical" 
track  would  be  impractical.  Upper-level  troughs  only 
migrate  into  the  northern  Horn  of  Africa  once  every  4-7 
years  during  this  period.  The  mean  November  storm 
tracks  shown  in  Figure  2-36c  reflect  the  southward 
movement  of  the  Polar  Jet.  The  primary  November  track 
(not  shown  here)  results  from  Genoa  Low  formation  and 
runs  east-northeastward  across  southern  Europe.  Most 
November  cyclonic  activity  in  the  northern  Horn  of 
Africa  involves  secondary  cyclogcnesis  only  along  active 
Genoa  Low  cold  fronts  moving  through  the  centra!  and 
eastern  Mediterranean  Sea. 


Figure  2-36c.  Mid-Latitude  Storm  Tracks, 
November. 


SOUTHERN  HEMISPHERE  POLAR  SURGES. 
Southern  Hemisphere  cyclonic  activity  between  May  and 
October  produces  fluctuations  in  Somali  Jet  flow.  This 
directly  affects  the  Somali  Jet’s  intensity  because  frontal 
passages  temporarily  displace  the  Mascarcnc  High’s 
position  and  alter  its  cross-equatorial  outflow. 

A  low-level  wind  shift  along  the  cold  front  increases 
low-level  flow  through  the  Mozambique  Channel. 
Generally,  the  frontal  boundary  docs  not  cross  the 
equator,  but  flow  "surges"  affect  the  Northern 
Hemisphere  and  eastern  Horn  of  Africa  1-3  days  after  the 
front  leaves  the  Mozambique  Channel. 

This  "cause  and  effect"  relationship  is  shown  in 
Figures  2-37a-k,  in  which  satellite-derived  wind  vectors 
(kls)  over  the  western  equatorial  Indian  Ocean  ouring  a 
"surge"  episode  are  compared  with  surface  charts.  This 
6-day  sequence  shows  how  southern  hemisphere 
cyclonic  activity  and  polar  surges  affect  Somali  Jet 
intensity  and  location  over  the  eastern  Horn  of  Africa. 


30  40  SO  60 


Figure  2-37a.  11  July  1978  Satellite-Derived  Wind 
Vectors  Over  the  Equatorial  Western  Indian  Ocean 
(from  Cudet  and  Desbois,  1981).  Strong  flow  at  20-35 
knots  is  evident  between  40-45°  E  and  1°  S-4°  N.  This 
is  the  "normal"  Southwest  Monsoon  cross-equatorial 
How  pattern  for  the  period. 


Figure  2-37b.  12  July  1978  Synoptic  Chart 

(1200Z/1500  LST)  for  the  Southeast  African  Coast 
and  the  Large  Island  of  Madagascar  (from  Cadet  and 
Desbois,  1981).  The  Mascarcne  High  (1031  mb)  is 
firmly  established  at  37°  S,  56°  F. 
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Figure  2-37c.  13  July  1978  Synoptic  Chart 

(1200Z/1500  LST)  for  the  Southeast  African  Coast 
and  Madagascar  (from  Cadet  and  Desbois,  1981). 

The  low-pressure  system  moves  northeastward  toward 
the  Mozambique  Channel,  causing  the  Mascarene  High 
to  shill  eastward.  The  Mascarene  High  weakens  to  1025 
mb;  its  center  is  at  32°  S,  58°  E. 
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Figure  2-37e.  14  July  1978  Satellite-Derived  Wind 

Vectors  Over  the  Kquatorial  Western  Indian  Ocean 
(from  Cadet  and  Desbois,  1981).  Circulation  north  and 
west  of  Madagascar  is  disorganized,  while  flow  over  the 
Indian  Ocean  near  2°  S,  50°  E  is  20-30  knots.  The 
Mascarene  High’s  eastward  shift  alters  the  "normal" 
entry  point  for  cross-equatorial  How  into  the  Horn  of 
Africa. 


Figure  2-37d.  14  July  1978  Synoptic  Chart  Figure  2-.l7f.  15  July  1978  Synoptic  Chart 

(1200Z/1500  LSI  )  for  the  Southeast  African  Coast  (I200Z/I800  LSI  )  for  the  Southeast  African  Coast 

and  Madagascar  (from  Cadet  and  Desbois,  1981).  and  Madagascar  (from  Cadet  and  Desbois,  1981). 

The  low-pressure  cell  and  cold  front  prepare  to  enter  the  The  Mascarene  High  is  shown  as  a  broad  and  weak 

Mozambique  Channel.  The  Mascarene  High  weakens  pressure  cell  in  the  lower  right-hand  comer.  The  low 

further  to  1023  mb.  High  pressure  behind  the  front  (and  the  high  to  its  southwest)  concentrate  cross- 

rcinforccs  surface  flow  into  the  Channel.  equatorial  How  into  the  Mozambique  Channel. 
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Figure  2-J'p.  15  July  1978  Satellite-Derived  Wind 

Vectors  Ovt.  ht  Equatorial  Western  Indian  Ocean 
(from  Cadet  and  Deshois,  1980.  Note  the  concentra¬ 
tion  of  20-knot  wind  vectors  from  27-15°  S.  A  cross- 
equatorial  How  surge  into  the  eastern  Horn  ol  Africa  is 
apparent,  hut  it  originates  in  the  Mozambique  Channel 
(frontal  passage),  and  not  with  Masearene  High  outflow. 
Notice  the  weak,  disorganized  flow  east  ol  Madagascar. 


Figure  2-J7i.  16  July  1978  Satellite-Derived  Wind 
Vectors  Over  the  Kquatorial  Western  indian  Ocean 
(from  Cadet  and  Deshois,  1980.  Looking  hack  to  the 
flow  surge  through  the  Mozambique  Channel  on  the  1 5th 
(Figure  2-.V7g>.  it's  apparent  that  the  surge  has  crossed 
the  equator,  l  ighter  winds  in  the  Channel  on  the  Ihth 
relied  a  southeastward  movement  in  the  low-pressure 
trough. 


Figure  2-J7h.  16  July  1978  Synoptic  Chart  Figure  2-37J.  17  July  1978  Synoptic  Chart 

(I200Z/I800  LSI  )  for  the  Southeast  African  Coast  ( 1 2007V 1 500  l.STt  for  the  Southeast  African  Coast 


and  Madagascar  (from  Cadet  and  Deshois,  1980. 

The  1014-mh  low  at  56°  S,  49°  E,  moves  southeastward 
aver  the  high  pressure  ridge  to  its  right. 


and  Madagascar  (from  Cadet  and  Deshois.  1980.  A 

weak  (1022  mb)  Masearene  high  reestablishes  its 
position  southeast  ol  Madagascar. 
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Figure  2-37k.  17  July  1978  Sutellile-Derived  Wind 
Vectors  Over  the  Equatorial  Western  Indian  Ocean 
(from  Cadet  and  Desbois,  1981).  The  wind  held 
reflex' is  die  reappearance  of  southeaster!  ics  to  the  north 
and  cast  of  Madagasc  ar 

TROPICAL  DISTURBANCES.  Massive  Monsoon 
Trough  convection  organizes  into  intense  tropical 
disturbances  over  the  southern  Arabian  Sea  and  western 
Indian  Ocean.  On  rare  occasions,  these  disturbances 
propagate  westward  into  the  eastern  Gulf  ol  Aden  and 
Somalia. 


Squall  Lints.  Synoptic-scale  squall  lines  occur  only 
along  the  Monsoon  Trough  over  southern  Ethiopia  and 
the  Somalia  Coast;  they  usually  migrate  westward  at 
20-30  knots.  Mesoscnle  squall  lines  may  occur  anywhere 
in  the  region,  but  the  Red  Sca/Chill  of  Allen  corridor  are 
preferred  regions  for  development.  Squall  line  clusters 
that  develop  off  the  Somalia  Coast  may  also  propagate 
westward  and  move  inland.  These  arc  short-lived  north 
of  6°  N,  however,  because  dry  air  and  subsidence  aloft 
over  the  Indian  Ocean  Plain  dissipate  heavy  convection 
rapidly.  Three  conditions  ure  necessary  lor  squall  line 
development; 

•Convective  instability  along  the  Monsoon 
Trough  and  Inter  tropical  Discontinuity  (HD). 

•The  Monsoon  Trough  well  to  the  north  t  15-20° 

N )  over  Africa  and  between  HI- 1 5°  A/  over  the 
Indian  Ocean  during  summer 

•Convergence  ot  earring  through  a  deep  laser  <>/ 
the  mid-troposphere 


Typically,  the  lending  edge  ol  a  squall  line  assumes 
the  lorm  of  a  sharply -dc lined  comes  arc  aligned  noitli  n> 
south,  this  line  contains  cumulus  or  cumulonimbus  in 
various  stages  ol  growth,  as  shown  in  Figure  2  <X 
Clouds  build  along  outflow  boundaries  created  h>  old 
convective  lines  at  various  levels,  and  upper -loci 
portions  ol  the  outflow  boundaries  lusv  into  a  massive 
precipitating  anvil 


-100  KM 


ANVIL  REGION 


Figure  2-38.  Schematic  Cross-Section  Through  Squall  Line  System  (from  Gamache  and  House.  1982). 
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Air  temperature  gradients  urc  not  important  for 
squall  line  development  in  the  tropics  and  subtropics. 
Instead,  air  mass  convergence  and  local  vorticity  maxima 
derived  by  mid-tropospheric  winds  trigger  these  violent 
wculhcr  systems,  which  are  fueled  by  Monsoon  Trough 
moisture.  Squall  lines  are  strictly  summertime 
phenomena  south  of  16°  N.  There  are  winter  squall  lines 
associated  with  intense  mid-latitude  frontal  passages,  but 
these  ure  not  tropical  systems. 

Tropical  squall  lines  arc  different  in  at  least  two 
important  respects:  First,  the  anvil  cloud  extends  behind, 
(not  in  front  of)  the  squall  line.  Second,  new  convective 
squall  lines  develop  U)  the  west  of  the  downdraft  zone 
( outflow  boundary). 

The  thunderstorm  cluster  produced  by  tropical  and 
subtropical  squall  lines  creates  intense  downburst  and 
outflow  boundary  winds  beneath  individual  convective 
cells.  Cold  downdrafts  (rapid  temperature  decreases) 
produce  strong  gust  fronts  that  can  lilt  large  umounis  ot 


dirt  und  dust  into  the  atmosphere  and  drop  visibilities  to 
less  than  half  u  mile.  Brief,  intense  rainfall  is  common, 
but  extremely  variable  in  coverage. 

Downdrafts  average  21-10  knots  over  flat  terrain, 
and  40  knots  in  the  deep  valleys  of  the  Flhiopian 
Highlands.  Strong  winds  of  the  outllow  boundaries 
range  from  5-150  NM  north  to  south. 

Tropical  Cyclones.  On  very  rare  occasions,  tropical 
cyclones  move  into  the  eastern  Gulf  of  Aden  during 
seasonal  transitions.  These  cyclones  propagate  westward 
along  the  Monsoon  Trough  at  10-25  kntgs.  Heavy  rain 
and  high  winds  occur  over  the  open  Indian  Ocean,  hut 
isolated  showers  and  gusty  winds  (50-40  knots) 
embedded  in  the  cyclone’s  spiral  cloud  bands  may  affect 
Socotra  and  the  extreme  northeastern  sections  ol  the 
region.  Figures  2-5‘ki-c  show  tropical  depression  and 
cyclone  tracks  over  lire  western  Indian  ( Kean/ Arabian 
Sea. 


Figure  2-.Wa.  May  Tropical  Depression  and  Cyclone  Tracks,  1*91-1960  (from  Indian  Mel  Depl,  1964), 
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Figure  2-J9b.  October  Tropical  Depression  and  Cyclone  Tracks,  1891-1960  (from  Indian  Met  Depl,  1964). 


Figure  2-J9c.  November  Tropical  Depression  and  Cyclone  Tracks,  1891-1960  (from  Indian  Met  Dept.  1964). 
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THERMAL  LOWS,  Large -scale  (hernial  (heal)  low  formation  arcus  affecting  the  Horn  of  Africa  are  shown  in 
figure  2-40,  Four  wcll-tlclined  thermal  low  circulations  directly  or  indirectly  affect  Horn  of  Afri.'i  surface  How 
during  different  purls  of  the  year;  they  are  the  Sahurun  Heat  Low,  the  S  idunesc  Heal  Low,  and  the  Suudi  Arabian 
heat  low.  All  arc  discussed  in  this  section. 


Figure  2-40.  Large-Scale  Thermal  Trough  Position  (shaded  area),  July. 


The  Saharan  Heal  Low.  Between  late  March  and  March  and  April,  this  low  sends  hot,  dust-laden  air 

mid-October,  the  Saharan  Low  develops  over  the  Sahara  masses  into  the  northern  Horn  of  Africa.  By  July,  it  has 

desert  near  25°  N,  .1°  E.  Dry  low-level  easterlies  a  mean  surface  pressure  of  1004  mb  and  anchors  the 

(varying  between  (MO  and  170  at  8-15  knots)  dominate  western  edge  of  the  massive  thermal  trough  that  is 

the  west  and  central  Sahara  Desert.  The  low  anchors  the  present  during  the  Southwest  Monsoon.  Figure  2-4 1 

surface  Monsoon  Trough  over  the  African  interior  and  shows  a  well-developed  Saharan  Heat  Low  during  July, 

draws  equatorial  moisture  into  western  Ethiopia.  In 
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Figure  2-41.  Mean  July  Position  of  the  Saharan  Low. 


The  Sudanese  Heat  Utw.  Varying  from  l(X)4  lo  1012 
mb,  this  low  often  marks  the  eastern  edge  of  large-scale 
equatorial  African  low  pressure  in  winter.  The  Sudanese 
Low  is  responsible  for  advecting  moist  warm-sector 
south  westerlies  ahead  of  Atlas  Low  migrations  into  the 
Red  Sea  basin.  The  Sudanese  Low  lies  over  the  elevated 
plateaus  of  southwestern  Ethiopia  and  southeastern 


Sudan  (7°  N,  32°  E)  between  December  and  March 
(Figure  2-42u),  but  it  migrates  northward  to  1.3-20°  N  in 
April  and  May  (Figure  2-42b).  Between  lunc  and 
September,  it  becomes  the  broad,  pixtrly  defined  low- 
pressure  area  shown  in  Figure  2-42c,  but  reappears  in 
October  as  the  closed  circulation  shown  in  Figure  2-42d. 


i 


Figure  2-42a.  Mean  January  Surface  Position  of  the  Sudanese  Low  . 
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Figure  2-42d.  Mean  October  Surface  Position  of  the  Sudanese  Low. 
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The  Saudi  Arabian  Heat  Low  extends  to  650  tnh  from  Khali  Desert.  Since  the  (cat urc  docs  not  appear  on  menu 
April  to  lute  October.  Its  mean  July  position  and  strength  surface  charts  lor  July,  gradient-level  streamline  How 
is  regulated  by  intense  surface  heating  over  the  Rub  ai  over  the  Horn  of  Africa  is  provided  in  Figure  2-43. 


Figure  2-43.  Mean  July  (iradient-Levcl  Flow  Showing  the  Position  of  the  Saudi 
Arabian  Low.  Dashed  lines  are  Isotachs  (kts). 

The  mean  position  (20°  N,  48°  E)  of  the  Saudi  because  the  dust  layer  prevents  anticyclonic  development 

Arabian  Heal  Low  varies  little,  but  its  vertical  persistence  aloft  during  the  day. 

and  strength  varies  diurnally  because  of  an  extensive  dust 

layer  aloft.  Weak  low-level  convergence  associated  with  During  the  night,  subsidence  is  present  at  all  levels, 

the  Saudi  Arabian  Heat  Low  circulation  is  capped  by  a  Except  for  very  weak  convergence  near  750  mb, 

region  of  subsidence  between  850  and  7(X)  mb;  divergent  How  dominates  from  the  surface  to  550  mb. 
convergence  dominates  above  700  mb.  This  Descending  flow  produces  northeasterly  surface  How  at 

phenomenon  (unlike  warm  surface  lows  with  high  5-15  knots  along  the  northern  and  eastern  Yemen 

pressure  aloft)  is  unique  to  the  Saudi  Arabian  Low  Highlands. 


MESOSCALE  AND  LOCAL  FEATURES 


MOUNTAIN-VALLEY  WINDS  are  common  in  Ihe  and  the  localized,  microscale  "slope"  (ups lope/ 

Yemen  Highlands  and  Ethiopian  Highlands  subregions,  downstope)  wind.  The  key  differences  lie  in  their 

Orographic  uplift  may  accentuate  mountain-valley  temporal  and  spatial  scales. 

convergence  above  6,(KX)-7,(XX)-fecl  (1,830-2,134 

meters),  producing  short-lived  convective  cells  with  Mesoscale  Mountain-Valley  Winds  average  0-12 

isolated  rainshowers.  Isolated  mesoscale  convection  knots.  Daytime  valley  winds  (Figure  2-44n)  arc 

caused  by  orographic  uplift  and  mountain-valley  strongest,  averaging  10-15  knots  between  200  and  400 

convergence  is  common  in  the  Yemen  Highlands  and  meters  (660  and  1,310  feet)  AGL.  Nighttime  mountain 

Ethiopian  Highlands’  coastal  ranges,  where  sea  breeze  winds  (Figure  2-44b)  average  only  3-7  knots  at  the  same 

moisture  is  available.  In  the  western  Ethiopian  level.  Deep  valleys  develop  more  nocturnal  cloud  cover 

Highlands  west  of  39°  E,  the  surface  Monsoon  Trough  than  shallow  valleys  because  nocturnal  air  llow 

over  the  African  interior  combines  low-level  moisture  convergence  is  stronger.  Mesoscale  mountain-valley  ' 

with  complex  diurnal  mountain-valley  circulations  to  circulation  has  a  maximum  vertical  extent  of  6,560  rcet 

result  in  massive  orographic  uplift  and  heavy  convection  (2,(XK)  meters)  AGL,  depending  on  valley  depth  and 

every  day  between  June  und  August.  width,  the  strength  of  prevailing  winds  in  the 

mid-troposphere,  and  the  breadth  of  microscale  slope  f 

Two  types  of  terrain-induced  winds  affect  the  Horn  winds, 
of  Africa;  these  are  the  mesoscale  mountain-valley  wind 


Figure  2-44a.  Typical  Daytime  Valley  Circulation  (After  Flohn,  1%9|. 
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Figure  2-44b.  Typical  Nighttime  Mountain  Circulation  (After  Flohn,  1969). 


Microscale  Slope  Winds  develop  along  the  surface 
boundary  layer  (0-500  fcet/0- 1 52  meters)  of  mountains 
and  large  hills.  Mean  daytime  upsiopc  wind  speeds  arc 
6-8  knots;  mean  nighttime  upslope  speeds  are  4-6  knots. 
These  speeds  arc  found  at  elevations  no  higher  than  130 
feel  (40  meters)  AGL.  Downslopc  mountain  winds  are 
strongest  between  November  and  March,  while  upsiopc 
vaHey  winds  are  strongest  between  April  and  Oclobei. 
Upslope  winds  arc  strongest  on  slopes  with  southerly 
exposures.  Figures  2-45a-h  (from  Geiger,  1961)  show 
the  life  cycle  of  a  typical  mountain-valley  wind 
circulation.  The  light  arrows  represent  microsculc 
circulation;  the  dark  arrows,  mesoscale  circulation. 


microscale  upsiopc  wind,  which  is  not  fully-developed 
until  the  entire  valley  surface  is  heated  enough  to  slop  the 
mesoscale  downslope  mountain  wind. 


Figure  2-45a.  SUNRISR.  Sunshine  almost 
immediately  starts  upsiopc  wind  development,  but  the 
downslopc  mountain  wind  persists  because  mesoscale 
flow  overrides  microscale  flow.  Generally,  the  transition 
between  Figures  245a  and  b  is  0700- 1  (MX)  LST,  but  local 
terrain  determines  how  soon  sunlight  can  start  the 


Figure  245b.  LATK  MORNING.  Widespread  surface 
healing  continues  to  generate  microscale  upslope  flow, 
and  cuts  off  any  downslope  support  to  the  mesoscale 
Mountain  circulation;  downslope  mountain  circulation 
slops. 


Figure  245c.  MIDDAY.  Sunshine  covers  the  entire 
valley  floor,  and  upsiopc'  How  feeds  valley  circulation. 
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Finure  2-45d.  LATE  AFTERNOON.  East-facing 
slopes  begin  to  cool;  upslopc  (low  weakens. 


Figure  2-45e.  SUNSET.  Although  microscale 
ilownslopc  wind  components  dominate  the  surface 
boundary  layer,  mesoscalc  upslopc  valley  flow  retains 
weak  momentum. 


Figure  2-45f.  LATE  EVENING.  Downslopc  winds 
dominate. 


Figure  2-45g.  MIDNIGHT.  Downslopc  winds  Iced  the 
mountain  circulation. 


Figure  2-45h.  PRE-DAWN.  Winds  arc  calm  just 
before  surface  heating  begins  at  the  microscale;  the 
mesoscalc  downslopc  mountain  circulation  retains  its 
momentum.  Microscale  downslopc  winds  end  just  alter 
sunrise;  upslope  winds  l^gin  again  at  first  light. 

Mountain  inversions  develop  when  cold  air  builds 
up  along  wide  valley  floors  where  nocturnal  downslopc 
wind  convergence  is  weak.  The  cold  air  descends  from 
the  slopes  above  the  valley  at  K-12  knots,  bill  loses 
momentum  when  it  spreads  out  over  the  valley  floor.  A 
macroscale  example  of  this  situation  occurs  in  the  central 
and  southern  Great  Rift  Valley,  where  sleep  terrain 
brackets  a  level,  gently-sloping  valley  10-15  NM  wide. 
By  the  time  nocturnal  downslopc  flow  down  both  slopes 
can  converge,  wind  speeds  average  only  2-4  knots.  The 
cold  air  replaces  warm,  moist  valley  air  at  the  surface  and 
produces  a  thin  smoke  and  Tog  layer  near  the  base  of  the 
inversion.  First  light  here  initiates  upslopc  wind 
components  by  wanning  the  cold  air  trapped  on  the 
valley  floor.  By  late  morning,  more  than  70  percent  of 
the  valley  surface  is  exposed  to  sunlight.  Warming  of 
the  entire  boundary  layer  commences  near  (he  5(X)-fool 
(152-meter)  level  AGL. 

MOUNTAIN  WAVES.  Mountain  wave  turbulence  is 
usually  moderate  to  severe.  Rotor  clouds  produce  the 
strongest  turbulence  due  to  sudden  directional  shears,  but 
they  arc  rarely  seen  over  the  Horn  of  Africa.  Between 
December  and  March,  the  Taurus  and  Himalaya 
Mountains  in  Turkey  and  northern  India  block 
large-scale  southward  movement  of  cold  air  from  Asia 
into  the  Arabian  Sea  and  western  Indian  Ocean,  but 
occasional  mid-und  upper-level  troughs  in  the  westerlies 
may  prixlucc  potentially  dangerous  mountain  waves  over 
the  Ethiopian  and  Yemen  Highlands.  Deep  troughs 
reaching  these  subregions  may  form  Icesidc  gravity 
waves.  Criteria  lor  mountain  wave  formation  includes 
sustained  speeds  between  15-25  knots  with  flow  within 
30  degrees  of  perpendicular  to  the*  ridge.  Waves  develop 
when  air  at  lower  levels  is  forced  up  over  the  windward 
side  of  a  ridge,  as  shown  in  Figure  2-46. 
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Figure  2-46.  Initial  Flow  Pattern  Over  Topographic  Barrier;  Wind  Speed  Less  Than  15  Knots  (from  Barry, 
1981). 


Wavelength  amplitude  is  dependent  on  wind  speed 
and  lapse  rale  above  the  ridge.  Light  winds  follow  the 
contour  of  the  ridge  with  little  displacement  above  and 
rapid  dampening  beyond.  Stronger  winds  displace  air 
above  the  stable  inversion  layer;  average  upward 


displacement  is  10  times  the  ridge  height.  Downstream, 
the  wave  propagates  for  an  average  distance  of  50  times 
the  ridge  height.  Figure  2-47  illustrates  the  Icesidc 
gravity  wave  formation. 


Figure  2-47.  Vertical  Cross-Section  of  Mountain  Lee  Wave  (Gravity  Wave!  Formation  (from  Barry,  1981 ). 


DUSTSTORMS.  Given  the  right  conditions,  duststnrms 
dominate  terrain  below  4,000  feet  (1,220  meters)  MSL. 
They  occur  primarily  in  the  Great  Rift  Valley,  along  the 
Red  Sca/Gulf  of  Aden  coastline,  and  in  interior  sections 
ol  Somalia  and  eastern  Ethiopia.  Duststorms  carry 
suspended  particles  over  large  distances,  often  reducing 
visibility  to  less  Ilian  30  lect  (10  meters)  Season  ol 
occurrence,  wind  direction,  and  amount  of  particulate 
matter  vary  by  locality.  Large-scale  duststorms  often 
persist  for  I  or  2  days  before  a  frontal  passage  (such  as 


with  an  Atlas  or  Cyprus  Low)  or  with  synoptic-scale 
squall  lines,  Mesoscalc  squall  lines  may  reduce  visibility 
to  less  than  1/2  mile  for  a  few  minutes  to  an  hour  along 
sandy  coastlines. 

Dust  devils  are.  in  ellcct.  miniature  tornados  set  oil 
by  intense  summer  healing.  Diameters  range  from 
10-300  feet  (3-91  meters).  Dust  devils  may  last  1-5 
minutes.  They  occur  most  frequently  along  the  sandy 
coastal  zones  of  Somalia.  Yemen  (Aden)  anil  Djibouti. 
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Surface  temperature  inversions  tend  to  dampen 
turbulent  mixing  in  the  lowest  layers  and  reduce  the 
effects  of  sand/dusl  storms  from  day  to  day.  7'hcsc 
inversions  are  the  diurnal  control  observed  with  most 
duslstorm  activity.  Typically,  inversions  break  down 
several  hours  after  sunrise,  allowing  turbulent  mixing  in 
the  lower  layers;  however,  large-scale  synoptic 
disturbances  may  override  the  nocturnal  duslstorm 
minima. 

The  origin  and  nature  of  duststorms  depend  on 
general  synoptic  conditions,  local  surface  conditions,  and 
diurnul/scasonal  considerations,  as  shown  below: 

Synoptic  Conditions- 

Active  cold  fronts.  Between  November  and  April, 
duststorms  may  develop  with  frontal  passages  in  the 
western  and  northern  fringes  of  the  Horn  of  Africa. 
Gusts  of  15-20  knots  are  enough  to  lift  dust  and 
sand,  but  a  pressure  gradient  of  6  to  8  mb/100  NM 
produces  widespread  airborne  dust/sand  over  a  100 
sq  NM  area.  Stronger  fronts  may  carry  Sahara 
Desert  dust/sand  across  the  Red  Sea  into  the  western 
Yemen  Highlands  subregion.  (Sec  Chapter 
4-Southwest  Monsoon  Visibilities). 

Convective  activity.  Convection  produces  local  cumulus 
downdrafts  up  to  30  knots,  while  squall  lines 
organize  over  a  larger  area,  producing  cloud  bands 
up  to  100  NM  long  and  10-20  NM  wide,  with 
easterly  winds.  Wind  speeds  in  Indian  Ocean  squall 
lines  are  much  greater;  these  systems  suspend 
particulates  in  the  atmosphere  for  longer  periods  of 
time  and  reduce  visibilities  to  4-7  miles  over  a  larger 
area.  Organized  convection  may  transpoit  dusl/sand 
l(X)-200  NM  inland  from  the  Somali  coastline. 

The  Somali  Jet.  Between  late  April  and  early  October, 
the  Somali  Jet  may  produce  strong  southerly  (low 
(15-25  knots)  over  the  western  Indian  Ocean  Plain 
(Somulia  and  eastern  Ethiopia).  When  it  docs, 
visibility  is  2-6  miles  during  the  day  in  this  isolated, 
sparsely-populated  area.  The  air  and  the  surface  arc 
abnormally  dry,  and  a  thin  haze  with  4-to  7-milc 
visibilities  may  persist  for  up  to  a  week. 


Local  Surface  Conditions— Soil  type  and  condition 
control  the  amount  of  particulate  matter  that  can  lx: 
raised  into  the  atmosphere.  Dry  sand  or  silt,  lor 
example,  is  easily  lifted  by  a  l()-to  15-knol  wind. 
From  December  to  February,  thin  haze  is  a  persistent 
feature  north  of  6°  N  and  cast  of  43°  E  because  of 
sustained  15-knot  northeasterly  How  along  the  Aden 
Coastal  Fringes  and  Indian  Ocean  Plain.  Although 
larger  particles  quickly  settle  to  the  surface  alter  a 
duststorm,  finer  sediments  remain  suspended  in  the 
atmospheie  for  days.  Fine  dust,  sand,  salt,  or  sill 
may  travel  hundreds  of  miles  from  its  source. 
Distant,  large-scale  sources  of  material  provide  most 
storm  debris  over  western  Ethiopia/Ycmcn  (San ’a) 
and  the  Red  Sea. 

Seasonal  Considerations— 

November  to  March.  Thin  dust  or  haze  arc  the  most 
frequently  observed  obstructions  to  vision.  Several 
weeks  of  fair  and  dry  weather  allows  surface  healing 
and  sea  breeze  to  put  an  accumulation  of  line  sill 
into  the  air.  Duststorms  associated  with  frontal 
boundaries  are  uncommon  but  severe;  visibility  can 
be  I -.3  miles  over  large  areas.  Every  other  year 
between  November  and  March,  20-knol  winds 
lasting  for  .3-9  hours  occur  in  northwest  Ethiopia. 
Similar  conditions  occur  with  abnormally  strong 
(15-  to  25-knol)  Northeast  Monsoon  flow  in  the 
eastern  and  southern  Gulf  of  Aden. 

April  to  October.  Latc-April  frontal  boundaries,  thermal 
convection,  and  mcsoscale  squall  lines  produce  most 
duststorms  and  low  visibilities.  The  Somali  Jet 
Stream  is  another  source. 

Diurnal  Considerations- 

Daytime.  Hot  and  dry  surface  conditions  in  June,  July, 
and  August  across  northern  Somalia,  Djibouti,  and 
the  northern  Great  Rift  Valley  of  Ethiopia  produce 
considerable  dust  and  haze.  Persistent  dryness  raises 
dust  to  l(),(XX>  lect  (.3,050  meters)  MSL. 

Nighttime.  Cooler  surface  temperatures  result  in 
stability;  turbulent  mixing  is  minimized,  along  with 
the  threat  of  duststorms. 
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LAND/SEA  BREEZE.  Differential  surface  heating 
along  coasts  generates  this  diurnal  phenomenon.  The 
marine  boundary  layer  rarely  extends  above  2, (XX)  feet 
(610  meters)  AGL  or  15  NM  inland  without  synoptic 
assistance.  Two  types  of  land/sea  breezes  arc  found  in 
the  Horn  of  Africa:  "common,"  and  "frontal." 

"Common"  land/sea  breezes  affect  Gulf  of  Aden 
and  Somali  coastlines.  The  southern  Aden  Coastal 
Fringe  is  an  exception  because  of  the  Somali  Jet  that 
produces  persistent  southerly  winds  that  overrides  the 
"common"  sea  breeze.  All  coastal  areas  arc  affected  by 
the  land/sea  breeze  during  the  Northeast  Monsoon,  but 
wind  directions  along  the  immediate  coastline  cun  vary 
from  northeasterly  by  45  degrees  or  more.  Figure  2-48 
illustrates  die  "common"  land/sea  breeze  circulation 
under  calm  synoptic  conditions,  with  uniform  coastline 
configurations,  and  no  topographic  influences.  Onshore 
(A)  and  offshore  (B)  flow  intensifies  in  proportion  to 
daily  heat  exchange  between  land  and  water.  Common 
land/sca  breezes  always  reverse  at  dawn  and  dusk. 


Figure  2-48.  The  "Common"  Daytime  Sea  Breeze  (A) 
and  Nighttime  Land  Breeze  (B).  Thick  arrows 
represent  pressure  gradient  and  direction  of  flow 


"Frontal"  landisea  breezes  are  the  prrxluct  of  the 
"front"  between  the  land  and  sea  air  masses.  The 
transition  for  wind  reversal  is  delayed  by  1-4  hours 
because  gradient  flow  prevents  the  sea  breeze  boundary 
layer  or  "front"  from  moving  ashore.  Figures  2-4(>a-f 
show  a  typical  "frontal"  land/sca  breeze  sequence.  Solid 
blocks  denote  the  land  surface,  while  dashed  lines 
represent  water.  Vertical  lines  show  the  sea  breeze 
boundary  layer  and  arrows  represent  wind  circulation. 


Figure  2-49a.  Gradient  Flow  With  Offshore  Wind 
Component  Slopes  Gently  Over  Dense,  Cooler 
Marine  Boundary  Layer.  Shearing  action  along  the 
"front,"  or  land/sca  air  mass  interlace,  compacts  the 
layer.  Gradient  How  strength  determines  the  magnitude 
oi  compacting. 


Figure  2-4%.  Increased  Compacting  Tightens 
Pressure  Gradient  Along  Land/Sea  Interface.  If  the 

gradient  is  weak,  land  surfaces  heal  rapidly.  As  a  result, 
the  surface  pressure  gradient  and  winds  resemble  those  in 
Figure  2-49a. 


Figure  2-49c.  Maximum  Compacting  of  the  Marine 
Boundary  Layer.  At  this  instant,  the  surface  w  uuls 
inside  the  marine  boundary  layer  show  onshore  direction. 
Ihc  marine  layer  surface  How  may  take  several  hours  to 
reach  the  coast.  Momentum  accelerates  w  ind  s|ved  with 
time. 
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Figure  2-49d.  Front  ill  Sea  Breeze  Accelerates 
Towards  Shore.  Initial  "frontal"  sea  breezes  may 
sustain  20-knot  winds  for  1 545  minutes. 


Figure  249e.  Sea  Breeze  "Front"  Reaches  The 
('oast.  Note  the  increased  depth  of  onshore  flow  in  the 
marine  boundary  layer.  Compare  w  ith  Figure  2-49c. 


Figure  2-49f.  Land/Sea  Breeze  Mechanism  in  Full 
Swing.  Offshore  flow  aloft,  onshore  flow  at  surface. 


Topography  perpendicular  to  shorelines  modifies  the 
land/sea  breeze  in  several  ways.  Oiographic  uplift 
induces  sea  breeze-siratifomt/cumuliforiu  cloudiness  and 
deflects  surface  winds.  The  mesoscale  mountain 
circulation  accelerates  the  land  breeze  over  open  water. 
Elevated  coastal  topography  produces  steep  nocturnal 
temperature  gradients.  Strong  offshore  gradient  llow 
produces  frontal  land/sea  breezes  like  those  illustrated 
above;  the  Ethiopian  anti  Yemen  Highlands  are 
examples.  Socotra  Island  is  another  example,  hut  on  a 
smaller  scale, 

Coastal  configuration  also  has  an  effect  on  land/sea 
breeze— ihe  most  obvious  with  the  onshore  sea  breeze. 
Coastlines  parallel  to  sea  breezes  impede  the  progress  ol 
onshore  flow  to  produce  localized  upwclling  and 
low-level  divergence. 

Coastlines  pcrpcndiculur  to  onshore  How  promote 
maximum  sea  breeze  penetration  and  low-level 
convergence.  However,  hot  and  dry  land  surfaces 
modify  moist  onshore  flow  within  20  NM  of  the  coast. 
Without  orographic  lift,  cumulus  rarely  develops  beyond 
immediate  coastlines. 

Synoptic-scale  effects  on  land/sea  breezes  arc  best 
exemplified  near  Cape  Guardafui,  as  shown  in  Figures 
2-50a-c.  This  unique  location  combines  topography  and 
complex  coastal  configuration  with  low-level  synoptic 
flow-the  Somali  Jet. 


Figure  2-50a.  Local  Topography  at  Cape  Guardafui  (Ras  Asir)  (from  Findlater,  1971 ). 
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wkt-kuuj  globe  temperature  iwugt) 

UK  AT  STRESS  INDEX.  The  WBGT  heal  stress  index 
provides  values  lhal  can  be  used  10  uwculuie  l!ie  ell  eels 
ol  heal  stress  on  individuals.  Y3GT  is  computed  by 
using  the  formula: 

WBGT  -■=  0.7  WR  +  0.2  BG  +  0.1  DB, 

where:  WB  =  wet  bulb  temperature 

BG  *  Vernon  black  globe  temperuture 
DB  *  diy  bulb  temperature 


A  complete  description  of  tl*e  WBGT  Item  stress 
index  and  the  apparatus  used  to  derive  it  is  given  in 
Appendix  A  of  TB  MED  507,  Prevention,  lx  at  mint 
and  Control  of  lic  it  Injury,  July  1980,  published  by  the 
Army,  Navy  and  A  it  Force.  The  physical  activity 
guidelines  shown  in  Figure  2-M  are  based  on  those  used 
by  the  three  services  Note  that  the  wear  ol  body  armor 
or  NBC  gear  adds  I0°F  to  the  WBGT,  and  activities 
should  be  adjusted  accordingly. 


i 


i 


WBGT  (°F) 

WATER 

REQUIREMENT 

WORK/REST 

INTERVAL 

ACTIVITY  RESTRICTIONS 

90-up 

2  quails/hour 

20/40 

Suspend  all  strenuous  exercise. 

88-90 

1 .5-2  qu«rts/hour 

30/30 

No  heavy  exercise  for  troops  with  less  than  1 2 
weeks  hot  wcathci  training. 

85-83 

1-1.5  quarts/hour 

45/15 

No  heavy  exercise  ror  unacclimated  troops, 
no  classes  in  suri,  continue  moderate  training 

3rd  week. 

82-85 

.5-1  quart/hour 

50/10 

Use  discretion  in  planning  heavy  exercise  for 
unacclimatcd  personnel. 

75-82 

.5  quart/hour 

50/10 

Caution:  Extremely  intense  exertion  may  cause 
heal  injury. 

Figure  2-51.  WBGT  Heat  Stress  Index  Activity  Guidelines. 


Figures  2-52a-d,  on  the  following  pages,  give  average 
maximum  WBGTs  for  January,  April,  July,  and  October, 
They  were  traced  from  the  full-color  WBGT  charts  given 
in  Global  Climatology  for  the  Wet  bulb  Globe 
Temperature  fWBCJTj  Heat  Stress  Index,  published  by 
the  U  S.  Army  Research  Institute  of  Environmental 
Medicine,  Natick  MA  01760-5007.  Quoting  from  that 
document:  "This  climatological  atlas  was  compiled 

using  a  variety  of  sources  because  the  WBGT  index  is 
unique  and  no  single  data  base  or  publication  contained 
this  type  of  information.  Units  used  in  this  atlas  arc 
degrees  fahrenheit.  Four  parameters  (sic  j  have  been 


mapped  in  this  alias:  the  average  maximum  dry-bulb 
temperature,  the  average  maximum  wet-bulb 
temperature,  the  average  maximum  black  globe 
temperature  and  the  average  maximum  WBGT.  These 
parameters  were  chosen  because  they  relied  the  average 
of  the  greatest  heat  stress  th  it  would  be  encountered  by  a 
combat  soldier  during  the  day,  and  are  most 
representative  of  the  1300  to  1600  local  time  frame.  A 
local,  diurnal  temperature  curve  should  be  taken  into 
consideration  when  attempting  to  gauge  heal  stress  for 
other  limes  of  the  day,  oi  for  a  24  hour  pcritxl." 
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Figure  2-52a.  Average  Maximum  WBCJT-, January.  The  Ethiopian  Highlands  sec  January  WBOTs  between  70° 
F  (21  °C)  and  75°F  (24°C)  because  of  lower  dry-bulb  temperatures  above  5,000  feel  (1.524  meters)  MSI..  Along  (he 
Somalia  coastline,  WBGTs  reach  85°F  (29°C)  as  ocean  moisture  laises  wet-bulb  temperatures. 


Figure  2-52b.  Average  Maximum  WBCJT-April.  By  April,  the  K5°F  (29°C)  WBGT  isolinc  surges  northward 
and  westward  over  Somalia  and  extreme  eastern  Ethiopia.  Only  mountainous  areas  above  8,(XK>  Teel  (2,439  meters) 
MSL  sec  WBGTs  between  75°F  (24°C)  and  80°F  (27°C).  The  expansion  of  higher  WBGTs  across  the  Horn  of 
Alriea  arc  caused  by  northward  movements  in  the  surface  Monsoon  Trough  and  Somali  let  core. 
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Figure  2-52c.  Average  Maximum  WBGT--.|uly.  In  July,  ihcre  arc  large  WBCiT  variations  across  the  Horn  of 
A  iica.  The  higher  WBGTs  (above  8()°F/27°C)  arc  found  in  those  areas  with  scant  rainfall,  scaring  heal,  and  high 
humidities.  Elevations  above  7,000  feel  (2,134  meters)  MSL  arc  humid,  but  heavy  rainfall,  extensive  cloud  cover, 
and  low  temperatures  cause  average  maximum  WBGTs  to  remain  below  80°F  (27°C).  Average  maximum  WBGTs 
over  the  entire  Yemen  Highlands  and  Aden  Coastal  Fringe  arc  consistently  above  90°F  (32°C)  in  July. 


Figure  2-52d.  Average  Maximum  'VfKiT-October.  There  is  little  change  in  average  maximum  WBGT  Irom 
July.  The  only  dilTercncc  is  a  smaller  area  of  9()°F  (32°C)  in  the  Gulf  of  Aden. 
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Chapter  3 

INDIAN  OCEAN  PLAIN 

The  "Indian  Ocean  Plain"  encompasses  most  of  Somalia  (SI )  anti  parts  of  eastern  Ethiopia  (ET).  Alter 
describing  this  area’s  situation  and  relief,  this  chapter  discusses  typical  weather  conditions"  by  season.  Local 
names  for  the  seasons  here  ("HagaC  "Dcr,"  "Gilrti,"  and  "Gu"),  are  as  shown. 

Situation  and  Relief . 32 

The  Southwest  Monsoon  ("  Hagai"  )--July-Septembcr . 7-7 

Gcncrai  Weather . 3-7 

Sky  Cover . 7-7 

Visibility . 3-K 

Winds . 3-4 

Precipitation . 3  11 

Temperature.... . 3-13 

Southwest  to  Northeast  Monsoon  Transition  ("Der")--()ctober-November . 3  14 

General  Weather . 3-14 

Sky  Cover . 7- 1 5 

Visibility . 3- 1 7 

Winds . 3  IK 

Precipitation . 3-14 

Temperature . 7-20 

Northeast  Monsoon  ("Gilal" )--Deceniber-March . 3-2 1 

General  Weather . . 7-2 1 

Sky  Cover . 3-21 

Visibility . 3-22 

Winds . 3-23 

Precipitation . 7-24 

Temperature . 3-24 

Northeast  to  Southwest  Monsoon  Transition  ("Gu")--April-June . 7-26 

Gcncrai  Weather . 3-26 

Sky  Cover . 3-26 

Visibility . 3-2K 

Winds . 3-24 

Precipitation . 3-70 

Temperature . 3-32 
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Figure  3-1.  The  Indian  Ocean  Plain.  The  Indian  Ocean  Plain  includes  most  of  Somalia  and  pari  of  southeastern 
Ethiopia.  Il  slopes  gently  upward  from  (he  Indian  Ocean  to  the  foothills  of  the  Eastern  Ethiopian  Highlands.  Its 
eastern  boundary  is  the  Indian  Ocean  from  just  south  of  Cape  Guardafui  to  Ihc  Kenya  border.  The  southern  border  is 
the  Kenya-Somalia  political  boundary.  The  western  and  northern  boundaries  are  SSW  to  NE  from  Ihc 
Kcnya-Elhiopia-Somalia  bv>rder  at  40°  E  along  the  3, 280-fool  ( I  .(K)O-mclcr)  contour  to  about  1 1°  N,  50°  E  before 
extending  due  east  along  1 1 0  N  to  the  Indian  Ocean  30  NM  south  of  Cape  Guardafui.  The  northwest  corner  of  the 
region  includes  the  Juba  and  Shcbclc  River  Valleys  of  Ethiopia.  Inset  tables  provide  climatological  summaries  for 
Chisimaio  and  Mogadishu;  periods  of  record  were  varied. 
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INDIAN  OCEAN  PLAIN 


SITUATION  AND  RELIEF 


ZONKS  OK  RKLIEK.  The  Indian  Ocean  Plain  is 
separated  into  tltrce  distinct  zones  of  relief,  each  of 
which  will  be  discussed  in  turn.  These  zones,  shown  and 


described  below,  are  the  "coastal  dunes  and  lowlands" 
(Figure  3-2a),  the  "dissected  hills"  (Figure  3-2b),  and  the 
"elevated  western  plateau"  (Figure  3-2c). 


Kigure  3-2a.  The  Coastal  Dunes  and  Lowlands.  This  low  coastal  zone  lies  below  656  lect/2(X)  meters  along  the 
Indian  Ocean  Plain’s  eastern  fringes.  Portions  extend  inland  tor  160  NM.  The  coastline  from  30  NM  south  of  Cape 
Guardafui  to  the  Kenya  border  spans  1,200  NM.  This  coastal  lowland  zone  is  oriented  NNE  to  SSW  over  13 
degrees  of  latitude  from  1 1°  N  to  2°  S. 


The  northernmost  sections  (8-11°  N)  of  this  zone  arc 
extremely  narrow;  flat  coastal  dunes  and  lowland  plains 
range  from  2  to  10  NM  in  width.  The  Indian  Ocean  on 
the  east  and  the  sleep  bluffs  of  the  Ogo  Plateau  on  the 
west  arc  the  boundaries.  The  Giahel  Valley,  just  north  of 
the  Nogaal  Valley,  runs  west  to  east  toward  the  coast  and 
extends  20  NM  inland  to  the  plateau.  The  Nogaal  Valley 
(Nogaal  is  Somalian  for  "fertile  land")  runs  WNW  to 
ESE  to  the  coast  for  120  NM.  It  is  well-watered,  but 
contains  no  permanent  streams. 


The  central  section  of  the  lowlands,  known  as  the 
Mudugh  Plain,  extends  inland  160  NM  from  the  coast. 
This  area  (4-8°  N)  contains  extensive  dune  formations 
oriented  NNE  to  SSW  along  the  Indian  Ocean  shoreline. 
The  dunes’  heights  reach  600  feet  ( 195  meters);  they  arc 
1-3  NM  in  width  and  may  stretch  continuously  for  20-30 
NM.  The  interior  Mudugh  Plain  contains  ancient  sand 
dunes,  low  hills,  and  a  poor  intermittent  drainage 
network.  Shallow  stream  beds  average  several  miles  in 
length  and  only  33  feet  (10  meters)  in  width. 


INDIAN  OCEAN  PLAIN 


SITUATION  AND  RELIEF 


The  southern  sections  of  the  lowlands  (from  4°  N  to 
the  Kenya  border)  arc  traversed  by  two  large,  rivers,  the 
Shcbclc  and  the  Juba.  Their  river  valleys  extend  250  NM 
inland  and  contain  natural  levees.  Between  these  river 
valleys  lies  the  Bcnadir,  an  extensive  marshland.  The 


southern  lowlands  average  70  NM  in  width  and  700  NM 
in  length.  The  Abgal,  40  NM  north  of  Mogadishu, 
Somalia  contains  extensive  coastal  sand  dunes  that 
merge  into  the  Mudugh  Plain. 


Figure  3-2b,  The  Dissected  Hills.  This  zone  comprises  15-20  percent  of  the  Indian  Ocean  Plains.  The  hills  lie 
exclusively  within  the  656-to  1,620-fool  (200-5(X)  meter)  range  and  mark  the  transition  zone  between  the  western 
plateau  and  eastern  lowlands.  This  zone  is  extremely  narrow  and  rugged  in  the  north,  gradually  widening  near  the 
Ethiopia-Somalia-Kenya  borders.  Here,  the  gently  rolling  hills  are  eroded  by  seasonal  rains  that  create  wide  gullies 
and  narrow  (33  fcct/l()  meters)  canyons.  Several  long  valley  systems  run  northwest  to  southeast  through  the 
dissected  h'lls.  The  Juba  and  Shcbclc  river  valleys  parallel  each  ether  and  extend  2(H)  NM  into  Ethiopia. 
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INDIAN  OCEAN  PLAIN 


SITUATION  AND  RELIEF 


Figure  3-2e.  The  Elevated  Western  Plateau.  This  /one  comprises  highlands  with  elevations  from  1 ,620  to  1,28(1 
Icel  (1(H)  to  l.(KK)  meters). 


The  Elevated  Western  Plateau  e  n  be  divided  into 
three  distinct  plateau  formations: 

The  Haud  Plateau  forms  the  southern  foothills  of  the 
Ogo  Highlands,  an  eastern  range  paralleling  the  Gulf  of 
Aden.  This  is  a  level,  hugely  alluvial  plain  that  slopes 
gently  southward.  About  330  NM  long  and  100  NM 
wide,  the  plateau  extends  eastward  to  within  30  NM  of 
the  Indian  Ocean  near  9°  N. 

The  Ogaden  Plateau  is  250  NM  long  (west  to  cast)  and 
180  NM  wide.  Elevations  average  1,620-3,000  lecl 
(500-915  meters).  It  lies  to  the  immediate  south  of  the 
Haud  Plateau,  inside  the  borders  of  Ethiopia.  Its 
southern  and  southwestern  edges  are  defined  by  the 
Shcbcle  River  Valley. 

The  ( iurra  Plateau,  in  southeastern  Elh'opia  is  bordered 
by  the  Shebclc  River  valley  on  the  north  and  the  Juba 
River  valley  on  the  south. 


RIVER  SYSTEMS.  The  Shcbcle  and  Juba  Rivers 
originate  in  the  Mcndcbo  Range  of  Ethiopia  (7°  N,  38n 
30’  E).  They  provide  the  only  perennial  water  sources  on 
the  Indian  Ocean  Plain.  Their  courses  run  lor  1.2(H)  and 
545  NM,  respectively.  The  rivers  parallel  each  other  to 
within  30  NM  of  the  Indian  Ocean.  They  flow  northwest 
to  southeast  toward  the  Somalia  Ethiopia  border,  then 
south  through  Somalia.  The  Juba  (average  width  500 
feet/ 1 52  meters)  Hows  into  the  sea  at  Ohisimaio,  while 
the  Shcbcle  (average  width  2(H)  leel/61  meters)  turns 
abruptly  soulhwestward  30  NM  from  the  Indian  Ocean 
coastline  to  run  along  the  coastal  dunes  towards  the 
Bcnadir  lowlands.  During  wet  seasons,  the  Shebclc  and 
Juba  arc  connected  by  a  wide  Hood  plain.  Both  rivers  cut 
broad,  extensive  valleys  through  the  western  plateaus. 
Below  1,620  feel  (5(H)  meters),  they  create  natural  levees 
along  their  banks  that  reach  33  feet  ( 10  meters)  in  height. 
Numerous  small  depressions  called  "dcscccks"  Hank  the 
river  floodplains  during  wet  seasons. 


INDIAN  OCEAN  PLAIN 


SITUATION  AND  RELIEF 


VHiKTATION.  The  plateaus  ol  the  Indian  (Xean 
lvlain  arc  primarily  covered  by  open  bush,  with  scattered 
deciduous  trees  Savannah  grasslands  are  concentrated 
south  ol  o'  N.  where  adequate  rainlul I  supports  them. 
Ilte  dissected  hills  contain  small  shrubs  and  grass 
clumps  Intermittent  stream  beds  and  the  ,uba-Shebclc 


River  valleys  contain  scattered  often  woodland  along  the 
river  edges.  The  coastal  lowlands  north  of  S°  N  contain 
short  grasses  with  isolated  trees  and  brush,  Southward 
towards  the  Kenya  border,  the  land  is  grass-covered,  with 
mangroves  concentrated  south  of  the  Equator, 


INDIAN  OCEAN  PLAIN 

SOUTHWEST  MONSOON  ("Hagai") 


July-Septembor 


GENERAL  WEATHER.  The  low-level  Somali  Jet 
(sec  Chapter  2)  has  the  greatest  single  influence  on 
Southwest  Monsoon  weather.  The  jet’s  daily  position 
determines  prevailing  surface  winds,  cloud  cover,  and 
rainfall  across  the  region.  Instability  showers  near  the  jet 
axis  arc  common  south  of  6°  N,  but  moisture  in  the 
fast-moving  How  is  squeezed  out  before  the  jet  leaves  the 
Indian  Ocean  Pluin  near  1 1°  N.  Except  for  local  land/sca 
breezes,  southwesterly  surface  flow  dominates. 

SKY  COVER.  Moist  southerly  low-level  flow 
convergence  near  the  Somuli  Jet  determines  mean 
seasonal  ar.d  diurnal  cloud  cover  distribution.  Ihc  daiiy 
jet  position  regulates  cross-equatorial  moisture  across  the 
entire  region.  Diurnal  cloud  cover  distribution  is 
determined  by  the  jet’s  core  speeds.  A  distinct  nocturnal 
wind  speed  maximum  produces  patchy  stratus  and 
stratocumulus  south  of  6°  N.  These  clouds  often  parallel 
the  SSW-NNE  Somali  Jet  axis  and  seldom  extend  to 
more  than  20-30  NM  on  either  side  of  the  maximum 
wind  speed  core.  Nocturnal  cloud  distribution  decreases 
north  of  6°  N  because  of  decreasing  low-level  moisture. 


Mid-ufternoon  cloud  cover  is  controlled  by  surface 
heating.  Occasionally,  morning  stratus  develops  into 
stratocumulus  with  2-6/8ths  sky  cover  along  the  Somali 
Jet.  Cloud  cover  decreases  rapidly  along  the  jet  axis 
north  of  Galcaio,  Somalia,  where  very  dry  air  aloft 
inhibits  development.  Midday  sea  breeze  cumulus  and 
pa'chy  stratocumulus  develop  along  the  immediate 
coastline  north  of  Mogadishu;  to  the  south,  the  coastline 
is  often  clear.  Shallow  cumulus  bands  arc  aligned  north 
to  south  farther  inland  whete  the  Somali  jet  enters  the 
southern  Indian  Ocean  Plain.  These  cloud  bands  result 
from  sea  breeze  moisture  convergence  with  Somali  Jet 
flow  over  land.  Cumulus  mixed  with  stratus  and 
stratocumulus  covers  4  to  6/Xths  before  loot)  1  i(K)  l„ST. 
By  late  afternoon,  coverage  averages  I  to  ,3/Sths. 

Figure  3-3  shows  large  variations  in  north-south 
cloudiness.  Mean  cloudiness  is  betlcr  than  55') ,  in  the 
south,  but  less  than  45%  in  the  north.  Midday  cloud 
cover  (1 1(H)- 15(H)  LST)  dominates  in  the  north,  but  there 
is  extensive  cloud  cover  around  the  dock  in  the 
south-up  to  71%  at  C’hisimaio -  due  to  persistent 
low-level  instability  in  the  Somuli  Jet. 


Figure  3*3.  Mean  Southwest  Monsoon  Cloudiness  Frequencies.  Indian  Ocean  Plain.  Isolines  are  in  55} 
intervals.  Data  was  derived  by  calculating  the  grand  mean  for  National  Intelligence  Summary  (NIS)  mean 
cloudiness  percentages  for  specific  sites  between  July  and  September. 
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INDIAN  OCEAN  PLAIN 

SOUTHWEST  MONSOON  ("Hagai") 


July-Septr.mber 


Predominant  Southwest  Monsoon  cloud  types  arc 
stratus  and  strutocumulus.  Bases  average  I ,(HK)-3,(K)0 
feet  (305-915  meters)  AOL:  lops  are  3.(XK)-5,(XH)  feel 
(915-1,220  meters)  MSL.  Diurnal  convection  produces 
isolated  cumulus  with  3, 000-foot  (915-meter)  bases  and 
5,000  to  6,(XX)-fool  (1, 524-lo  1 . 830-meter)  tops  near  the 
Somali  Jet.  Towering  cumulus  rarely  develops  over 
land.  Dry  air  aloft  and  subsidence  may  inhibit  vertical 
cumulus  growth.  Lo  w  level  shear  along  the  jet  may  also 
prevent  substantial  cumulus  development.  Most  high 
cloudiness  approaches  the  coast  from  the  east,  and  the 


interior  from  the  west  or  cast.  Both  are  the  result  of 
thunderstorm  "blow-off"  from  heavy  convection  over  the 
Indian  Ocean  and  the  eastern  Ethiopian  Highlands, 
respectively. 

Percent  frequency  distributions  of  ceilings  below 
3,000  feel  (915  meters)  in  Figure  3-4  show  a  distinct 
daytime  low  ceiling  maximum  north  of  Bold  Ucn,  and  a  , 
slight  diurnal  increase  at  Chisimaio.  At  Mogadishu,  low 
ceiling  frequencies  arc  greater  at  night. 


Figure  3-4.  Southwest  Monsoon  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Indian  Ocean  Plain. 


VISIBILITY.  High  frequencies  of  low  visibility  (Figure 
3-5)  arc  associated  with  dustsiorms  or  heavy  rainshowers 
over  the  interior.  On  the  coast  from  Mogadishu  to  Ras 
Hulun,  shallow  nocturnal  marine  inversions  and  thick 


loculi/cd  sea  fog,  mist,  or  haze  account  for  most 
visibilities  below  3  miles.  Strong  upwclling  produces  a 
seasonal  temperature  contrast  between  the  sea 
(74-8()°F/24-260C)  and  the  land  (78-83°F/26-27°C). 
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Dense  early  morning  sea  fog  forms  off  the  coast  as  a 
result  of  the  nocturnal  land  breeze,  then  moves  inland 
with  ihc  sea  breeze.  These  fogs  can  be  thick  along  the 
entire  coastal  region,  extending,  in  rare  cases,  as  lar 
inland  as  200  NM. 

Blowing  dust/sand  is  common  with  surface  winds 
greater  than  15  knots.  The  highest  occurrence  of 
dust-related  low  visibilities  is  in  July  and  August  when 
the  Somali  Jet  is  strongest.  Localized  duststonns 


frequently  lower  visibility  to  less  than  2  1/2  miles  north 
of  6°  N  due  to  the  much  drier  surface  conditions  there. 

More  than  half  the  low  visibilities  at  Betel  Uen  arc 
dusl/sund  related  but  moderate  to  heavy  rain/rain, showers 
are  also  common  south  of  6°  N.  Fog  and  occasional! 
haze  arc  reported  in  only  5%  of  all  observations  beyond 
30  NM  inland.  Low  visibility  in  rain  or  rainshowers  is 
uncommon  north  of  6°  N . 


Figure  3-5.  Southwest  Monsoon  Frequencies  of  Visibilities  Below  3  Miles,  Indian  Ocean  Plain. 


WINDS.  Mean  surface  wind  speed  and  direction  reflect 
the  Somali  Jet’s  dominance.  Figure  3-6  shows  mean 
surface  wind  speeds  and  prevailing  directions  shown  in 
at  least  85%  of  all  surface  observations  for  (he  entire 
Southwest  Monsoon  season.  Prevailing  winds  veer  from 
southerly  at  Chisimaio  (0°  22’  S,  42°  26’  F.)  to  west  and 


southwesterly  at  Gardo  (6°  3 1  ’  N,  49°  05'  E).  There  is  a 
noticeable  speed  maximum  in  August.  The  strong,  dry, 
and  hot  southwesterly  at  Galtaio  (6°  51’  N,  47°  16’  E) 
and  Gardo  also  support  moisture  depletion  at  low  levels 
and  result  in  higher  duslstorm  frequencies. 
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Figure  3-6.  Mean  July-September  Wind  Speed  (kts)  and  Prevailing  Direction, 
Indian  Ocean  Plain. 


Jet  core  wind  speeds  average  25-35  knots,  but  .nay 
exceed  7()  knots  for  12-  to  76-hour  periods.  Core  heights 
are  extremely  variable  because  the  flow  is  sensitive  to 
terrain  and  thermal  energy  exchanges.  Jet  core 
oscillations  of  I  ,000-2,000  feet  (305-610  meters)  over 
200  NM  are  common.  Typically,  the  broad  southerly 
current  is  found  between  3,000-7,000  feet  (915-2,134 
meters)  with  one  or  more  wind  speed  maxima. 


The  inadequate  upper-air  data  network  in  this  region 
is  supplemented  by  the  mean  wind  direction  profile  tu 
Mandcra,  K-nya  (3°  54’  N,  41°  5.V  E),  on  the 
Kenya-Somalia-Elhiopia  border.  Mca.'  annual  winds 
here  (shown  in  Figure  3-7)  provide  an  see  crate 
representation  of  conditions  below  500  millibars  over  the 
entire  Indian  Ocean  Plain.  Note  the  south  to 
southwesterly  flow  at  all  levels  in  July.  Mean  Southwest 
Monsoon  wind  speeds  arc  shown  for  each  level. 


Figure  3-7.  Mean  Annual  Wind  Direction  for  Mandera,  Kenya. 

3-10 


I 


INDIAN  OCEAN  PLAIN 

SOUTHWEST  MONSOON  ("Hagai") 


July-Saptamber 


PR  ICC!  PIT  ATI  ON.  The  Somui*  Jet  establishes  a  and  sufficient  tropical  moisture  near  ihc  equator  arc  the 
low-level  south  io  north  moisluic  gradient  across  the  main  reasons  for  a  wet  Southwest  Monsoon  season  south 
region  throughout  the  Southwest  Monsoon.  The  jet  core  of  5°  N  (Figure  3-8). 


Figure  .3-8.  Mean  Southwest  Monsoon  Monthly/Maximum  24-Hour 
Precipitation,  Indian  Ocean  Plain.  Isohyets  represent  mean  seasonal  rainfall 
totals  (inches). 


Southwest  Monsoon  precipitation  usually  occurs  convection  lines  often  form  10-20  NM  cast  of  the  Great 

beneath  the  zone  of  maximum  winds,  as  shown  in  Figure  Rift  System-mountain  ranges  immediately  south  of  the 

3-9.  However,  equatorial  moisture  and  rainfall  decrease  Equator  in  Kenya— but  dissipate  before  reaching  6°  N, 

significantly  north  of  the  jet  core.  Sea  breezes  help  South  of  Mogadishu,  moist  sea  breezes  cause  inland 

support  standing  convection  lines  (oriented  convection  during  daylight  hours,  with  individual  cells 

soulhwcst-lo-northcast  along  the  jet  axis)  south  of  5°  N.  moving  NNE  at  15-30  knots.  These  convective  cells  arc 

Storm  movement  is  northeasterly,  with  moderate  to  often  sheared  by  the  Somali  Jet. 

heavy  rainfall  concentrated  in  narrow  bands.  These 


3-11 


INDIAN  OCEAN  PLAIN 

SOUTHWEST  MONSOON  ("Hagai") 


July-Septamber 


Figure  3-9.  Mean  July  Flow  Pattern  at  3,000  Feet  (915  meters)  A(«l,  (from  Findlafer,  1970).  Speeds  are  in 
knots.  Note  that  the  Southern  Equatorial  Trough  (SET)  lies  just  east  of  the  Somali  coastline  between  Chisimaio  and 
Mogadishu.  Sec  Chapter  2  for  more  on  the  SET. 
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North  or  5-6°  N,  the  Southwest  Monsoon  becomes  a 
"dry"  season  because  of  upwelling  along  the  Somalian 
coastline  and  a  reduced  sea  breeze  effect.  The  "dry" 
Somali  Jet  produces  little  cloud  cover  of  significance. 
Deep  convection  and  thunderstorm  activity  arc  rare  as 
convergence  aloft  and  large-scale  subsidence  cap  the 
shallow  cumulus.  Maximum  24-hour  rainfalls  arc 
associated  with  thunderstorms.  Thunderstorm 
development  occurs  with  either  isolated  squull  lines  or 
weakly  organized  tropical  disturbances  propagating 
westward  along  the  Southern  Equatorial  Trough  (SET) 
shown  in  Figure  3-9.  Southern  hemisphere  polar  surges 
(see  Chapter  2)  that  intensify  Somali  Jet  flow  into  the 
Indian  Ocean  Plain  may  also  trigger  isolated 
thunderstorm  activity. 

TEMPERATURE.  The  high  (55-71%)  Southwest 
Monsoon  mean  cloud  cover  frequency,  along  with 


continentality-lhc  degree  to  which  a  climate  has 
continental  qualilics-rcgulatc  temperatures.  Coastal 
locations  in  the  cool  sea  breeze  boundary  layer  average 
82-88°F  (28-31°  C),  while  continental  (inland)  sites 
average  90- I02°F  (32-39°C).  Highs  reach  l()8°F  (42°C) 
inland  and  north  of  6°  N,  while  the  lowest  record  high 
along  the  coast  is  only  87°F  (3I°C),  at  C'hisimaio. 
Inland  daytime  temperatures  vary  with  latitude  from  duy 
to  day  because  the  Somali  Jet  distributes  a  narrow 
(50-150  NM  wide)  SSW-NF.  cloud  band.  South  of  6°  N, 
mean  daily  highs  arc  at  their  lowest  of  the  year  during  the 
Southwest  Monsoon. 

Average  lows  range  from  70°F  (2I°C)  at  Bardcra  to 
77°F  (25°C)  at  Scusciuban.  A  low  of  59°F  (I5°C)  at 
Mogadishu  has  occurred  in  July,  but  lows  near 
72°F/22°C  at  Chiximaio  in  September  are  more  common 
south  of  6°  N. 


Figure  3-10.  Mean  Southwest  Monsoon  Daily  Maximum/Minimum  Temperatures  (°F),  Indian  Ocean  Plain. 
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iKRAL  WEATHER.  The  transition  from  the  without  sustained  southerly  (low  to  support  its  previous 

...uthwest  to  the  Northeast  Monsoon  (locally,  "Der,"  or  Southwest  Monsoon  seasonal  position.  Northeasterly 

short  rains  )  is  marked  by  the  cessation  of  How  along  the  Monsoon  Trough’s  north  axis  begins  to 

cross -equatorial  flow  into  the  region.  In  October,  advance  into  the  northern  Indian  Ocean  Plain  when  the 

southerly  low-level  flow  weakens  north  of  4°  N.  As  Trough  oscillates  cqualorward.  A  brief  wet  season  ("the 

shown  in  Figure  3-11,  mean  maximum  winds  in  the  short  mins")  occurs  as  the  Trough  moves  quickly  through 

Somali  Jet  core  shift  to  south  of  the  equator.  Weather  the  region.  By  November,  only  the  extreme  southern 

associated  with  the  jet  occurs  near  the  equator.  The  Indian  Ocean  Plain  has  not  been  affected  by  Northeast 

surface  Monsoon  Trough  moves  rapidly  southward  Monsoon  (low. 


Figure  3*1 1.  Mean  October  Flow  Pattern  at  3,000  Feet  (915  meters)  A(JL  (from 
Findiater,  1971).  Speeds  are  in  knots. 
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SKY  COVER.  Mean  cloudiness  on  the  Indian  Ocean 
Plain  (Figure  3-12)  is  dependent  on  the  Somali  Jet  and 
the  Monsoon  Trough.  Highest  mean  cloudiness  (greater 
than  60  percent)  during  the  transition  is  oriented 
SSW-NNE  from  the  Kenyan  border  to  5°  N.  42-46°  E. 
Cloud  cover  is  typically  stratus,  siratocumulus,  and 
isolated  cumulus.  Mean  cloud  cover  decreases 


northeastward  where  the  Somali  Jet  lacks  sufficient 
moisture  for  stratus  and  dense  strmocumulus 
development.  North  of  5°  N,  mean  cloudiness  is  less 
than  50  percent;  sky  cover  is  mostly  shallow  midday 
cumulus  generated  through  intense  diurnal  surlacc 
heating. 


Figure  3-12,  Mean  SW/NE  Monsoon  Transition  Cloudiness  Frequencies, 
Indian  Ocean  Plain.  Isolines  are  in  5%  intervals.  Data  was  derived  by  calculating 
the  grand  mean  from  National  Intelligence  Summary  (NIS)  mean  cloudiness  data 
for  specific  sites  during  October  and  November. 


North  of  5°  N,  shallow  cumulus  cover  averages 

a/Hihr  kni..„.nn  nqm  isnn  i  ct  n/o.i..  —  i — 

v/  /wo  »  wvAj  i  .  v/U*vi  »o  tyt  tv.y.s 

at  all  other  limes  over  the  interior.  Thin  cirrus  from 
thunderstorm  "blowoff"  in  the  Ethiopian  Highlands  is 
often  seen  over  the  Ogaden  Plateau.  Although  deep 
convection  forms  along  the  Monsoon  Trough,  it  is 
concentrated  100-200  NM  offshore  and  rarely  reaches 
the  northern  Indian  Ocean  Plain  coastline.  Coasutl  sea 


breeze  stratus  and  siralocumulus  (3-5/8ihs  coverage) 
occurs  from  0600  to  0900  LST.  These  clouds  seldom 
penetrate  more  than  20  NM  inland.  All  clouds  normally 
dissipate  by  10(H)  LST. 


South  of  5°  N,  early  morning  stratus  and 
stratocuniuius  develop  m  ihc  sea  breeze  bwuiuiaiy.  ouuin 
of  Mogadishu,  sea  breeze  moisture  often  interacts  with 
Somali  Jet  low-level  southerly  flow.  In  contrast,  coastal 
locations  north  of  Mogadishu  arc  rarely  affected  by  the 
jet  core  after  early  October.  Skies  arc  6/8ths  to  overcast 
between  0600-1000  LST,  but  only  3/8-5/8lhs  between 
IKK)- 1 5(H)  LST  because  of  the  deep  turbulent  mixing 
below  5,(HK)  feel  (1,534  meters).  North  of  Mogadishu, 
however,  cloud  cover  is  3-5/8lhs  from  06(H)  to  l(XH) 
LST,  decreasing  to  less  than  2/8ths  sky  cover  between 
11(H)  and  1 5(H)  LST.  Surface  turbulence  rapidly 
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dissipates  stratus/stratocumulus  except  immediately 
adjacent  to  ihe  Somali  Jet  core  or  along  a  well-defined 
anil  unstable  suifacc  Monsoon  Trough  axis.  Stratus 
bases  are  near  1 ,500  feet  (457  meters),  while  bases  of  the 
thin  scattered  stratocumulus  average  3,5(X)-5,(KK)  feet 
(5,067-1,524  meters),  By  1100  LST,  isolated  cumulus 
with  buses  near  4, 000-5, (XX)  feel  (1,220-1,534  meters) 
and  tops  to  8,000  feet  (2,439  meters)  develop  inland  near 
the  Somali  Jet. 


Occurrence  of  brokcn-to-ovcrcusl  ceilings  at  or 
below  3, (XX)  feel  (915  meters)  across  the  Indian  Ocean 
Plain  uveruges  39%.  Ceilings  at  or  below  1,000  feel  (305 
meters)  uccount  for  only  13%  of  all  Indian  Occun  Plain 
ceilings.  Figure  3-13  gives  diumul  low  ceiling  frequency 
differences  for  selected  stations.  The  highest  frequency 
of  low  ceilings  is  found  between  C’hisiinaio  und  Gulcaio, 
an  area  that  shows  the  mean  transition  position  of  the 
Somali  Jet. 


Figure  3-13.  SW-NE  Monsoon  Transition  Frequencies  of  Ceilings  Below  3,000 
Feet  (915  meters),  Indian  Ocean  Plain. 
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VISIBILITY.  Precipitation  is  the  main  obstruction  to 
vision  during  the  transition;  at  least  72%  o(  all  visibilities 
below  3  miles  ore  in  rain  and/or  rainshowers.  Because  of 
the  welter  soil,  blowing  dust/sand  causes  only  13%  of  all 
reported  low  visibilities.  Fog  is  most  frequent  at  Belet 
Uen,  while  misl/haze  is  more  frequent  at  Mogadishu. 


Radiation  inver  s  and  local  terrain  make  ground  log  at 
Belet  Uen  cor.. c  ion  between  2I(XM)3(K)  LST,  while 
misl/hazc  frequencies  at  Mogadishu  reduce  visibility  to 
less  than  3  miles  about  10-14%  of  the  lime  between 
2100-0300  LST.  Figure  3-14  gives  low  visibility 
occurrence  frequency  at  selected  stations. 


Figure  3*14.  SW-NE  Monsoon  Frequencies  of  Visibilities  Below  3  Miles,  Indian 
Ocean  Plain. 


3-17 


INDIAN  OCEAN  PLAIN 

SOUTHWEST  TO  NORTHEAST  MONSOON  TRANSITION  ("Der") 


October-November 


WINDS.  Mean  surface  wind  speed  and  direction  (Figure 
3-15)  illustrates  several  important  transition  How 
characteristics.  During  the  transition,  mean  wind  speeds 
arc  decreased  at  all  locations,  reflecting  the  weakening  of 
the  Somali  Jet.  At  Chisimaio  and  Iscia  Baidoa,  south  to 
cast  flow  decicascs  slightly  through  the  transition,  but 
speeds  at  Galcaio  and  Gardo-3-4  limes  less  than  those  of 
the  Southwest  Monsoon  shown  in  Figure  3-6-show  a 


slight  increase  from  October  to  November  as  Northeast 
Monsoon  flow  begins  to  affect  these  two  northern  Indian 
Ocean  Plain  stations.  Note  that  prevailing  directions  at 
Gardo  arc  E  and  NE,  while  Galcaio  How  is  SW  and  SE  in 
October,  E  and  NE  in  November.  The  surface  wind  shill 
shows  the  surface  Monsoon  Trough  axis  moving 
southward  from  Galeaio/Gardo  (7-9°  N)  in  October  to 
Galcaio/lscia  Baidoa  (3-7°  N)  by  late  November. 


* 


OCT  NOV 

S-E 

Chisimaio 

8.60  :  7.00 

S-E 

Iscia  Baidoa 

7.20  5.50 

SW-SE/E-NE 

Galcaio 

7.30  7.70 

E-NE 

Garda 

5.90  '  6.40 

Figure  3-15.  Mean  October-November  Wind  Speed  (kts)  and  Prevailing 
Directum,  Indian  Ocean  Plain. 
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PRECIPITATION.  The  "Dcr”  (or  "shore  rains") 
season  consists  of  instability  showers  concentrated  in 
low-level  wind  convergence  zones.  Localized  showers 
often  develop  near  the  Monsoon  Trough,  with 
northeasterly  winds  at  5-8  knots.  There  arc  also  showers 
at  the  northern  tip  of  the  Somali  Jet,  where  winds  are 
southerly  at  15-20  knots. 

North  of  6°  N,  October  rainfall  is  4-20  times  greater 
than  in  September  (late  in  the  Southwest  Monsoon),  as 


the  Monsoon  Trough  and  the  mean  Somali  Jet  wind 
maximum  migrate  through  the  area  together. 

Instability  moves  rapidly  cquatorward  by 
mid-November  as  the  Somali  Jet  weakens  considerably. 
November  rainfall  distributions  follow  the  southward 
migration  of  both  features.  As  shown  in  Figure  3- 1  ft, 
only  Chisimaio  is  affected  by  instability  and  rainfall  in 
November  because  of  its  proximity  to  the  surface 
Monsoon  Trough  axis. 


Figure  5-16.  Mean  SW/NR  Monsoon  Transition  Monthly/Maximum  24-Hour 
Precipitation,  Indian  Ocean  Plain.  Jsohycr;  show  mean  seasonal  rainfall  totals 
(inches). 
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TEMPERATURE.  Mean  daily  highs  range  from  85°F 
(29°0  at  Chisimaio  to  ‘»7  ’F  (36 °C)  at  Barderu.  Daily 
highr.  arc  5-9°F  (3-5°C)  cooler  on  the  ctxisi  than  in  the 
interior  Absolute  highs  *iave  reached  !07°F  (42°C)  at 
Burdera.  hut  only  89°F  (32°C)  at  Chisimaio.  Mean  daily 
November  lows  average  66°F  (IV°C)  at  Scusciubun,  and 


up  to  76°F  (24°C)  at  Chisimaio.  An  extremely  rare 
mid-latitude  cold  front  resulted  in  Scusciuban’s  absolute 
low  of  57°F  ( I4°C).  The  absolute  low  of  73°F  (23°C)  at 
Chisimaio  shows  the  Indian  Ocean’s  ability  to  mtHleraie 
coastal  locations.  Figure  3-17  gives  mean  daily  highs 
and  lows  for  selected  stations  on  the  Indian  Ocean  Plain. 


Figure  3-17.  Mean  SW/NE  Monsoon  Transition  Daily  Maximum/Minimum 
Temperatures  (  °F),  Indian  Ocean  Plain. 
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GF.NFRAL  WEATHER.  Northeast  Monsoon  now 
results  in  the  southward  migration  of  dry  conditions 
across  the  Indian  Ocean  Plain.  The  northeasterly  (low 
converges  into  the  surface  Monsoon  Trough-thc  only 
weather-producer  of  significancc-und  strengthens 
through  February.  Initially,  moderate  (7-11  knots) 
northeasterly  surface  flow  sweeps  over  the  northern 
Indian  Ocean  Plain  in  December,  but  doesn’t  reach  the 
Equator  with  similar  force  until  February.  As  a  result, 
surface  Monsoon  Trough  instability  is  located  near  and 
south  of  the  Equator.  Rainfall  is  irregularly  distributed 
along  the  Monsoon  Trough,  which  is  oriented  west  to 
east;  instability  rarely  remains  stationary  for  more  than 
1 2  hours.  Brief,  southward-moving  showers  arc  typical 
Northeast  Monsoon  features.  Locations  affected  by 
Monsoon  Trough  instability  receive  light  showers  for 
only  I  -.1  weeks  during  each  Northeast  Monsrxtn  season. 

SKY  COVER.  Norlhcastcrlics  dominate  the  entire 
region  except  for  weak  low-level  easterly  llow  south  of 
the  Equator.  Northeasterly  flow,  nearly  parallel  to  the 


coastline,  results  in  limited  moisture  transport  from 
ocean  to  land,  and  there  is  less  overall  cloud 
development.  Generally,  skies  are  clear  to  partly  cloudy, 
with  no  more  than  1/Xths  coverage.  If  daytime  surface 
healing  is  accentuated  by  light  northeast  breezes,  lair 
weather  cumulus  develops  by  1400  L.ST  and  thickens  to 
4/8ths  coverage;  bases  arc  at  2, 500-3, (XX)  feet  (762-915 
meters),  and  lops  to  8, (XX)  I'cct  (2,4 .19  meters).  Cirrus 
above  I5,(XX)  feet  (4,57.1  meters)  is  also  ol  the  "lair 
weather"  variety.  All  clouds  dissipate  by  sunset. 

Mean  cloudiness  at  the  selected  stations  shown  in 
Figure  1-18  reflects  the  Northeast  Monsoon’s  southward 
migration.  Highest  mean  cloudiness-greater  than  55 
percent— is  concentrated  south  of  2°  N.  December  and 
March  cloud  cover  is  greatest  because  of  weak 
cross-equatorial  flow,  a  strong  sea  breeze,  and  the 
presence  of  abundant  equatorial  moisture.  In  January 
and  February,  Northeast  Monsoon  circulation  extends  to 
the  Equator. 


Figure  3*18.  Mean  Northeast  Monsoon  Cloudiness  Frequencies, 
Indian  Ocean  Plain.  Isolincs  arc  in  5%  intervals.  Data  was  derived 
by  calculating  the  grand  mean  from  National  Intelligence  Summary 
(NIS)  mean  cloudiness  data  for  specific  sites  between  December  and 
March. 
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Frequency  of  ceilings  below  3,000  feet  (915  meters) 
uveruges  20%,  but  ceilings  at  or  below  I, (KM)  feet  (305 
meters)  average  only  3%.  Low  ceilings  at  Chisimaio 
result  from  stratus/slratocumulus  decks;  cumulonimbus 


may  be  embedded  during  disturbed  weather  periods. 
Figure  3-19  gives  frequency  of  ceilings  below  3, (XX)  feel 
at  selected  Indian  Ocean  Plain  stations. 


Figure  3-19.  Northeast  Monsoon  Frequencies  of  Ceilings  Below  3,000  Fee*  (915 
meters),  Indian  Ocean  Plain. 


VISIBILITY.  The  land/sca  breeze  circulation  produces 
shallow  sea  fog,  mist,  and  haze,  but  low  visibility 
frequencies  in  log  are  only  0-5%.  Coastal  fog  frequency 
decreases  from  south  to  north.  Dante,  on  the  northern 
coast,  rarely  secs  fog  during  the  Northeast  Monsoon.  In 
December,  visibilities  below  3  miles  occur  with  early 
morning  gmund/sca  fog  between  Chisimaio  and 
Mogadishu. 

Dry  weather  and  soil  conditions  inland  allow  blowing 
dusi/sand  to  be  the  major  obstruction  to  vision.  Blowing 


dust/sand  accounts  for  visibilities  below  3  miles  in  79% 
of  cases,  except  at  Bclcl  Ucn,  where  a  local  moisture 
source  (the  Shebclc  River)  produces  fog  and  extremely 
high  (55-85%)  frequencies  of  visibility  below  3  miles 
from  2KX)  LST  through  dawn.  Located  near  an 
extensive  lowland  marsh,  and  with  hdls  on  three  sides  of 
the  station  Bclet  Ucn  is  in  an  ideal  location  for  stable, 
calm  evenings  and  fog  formation.  Figure  3-20  shows  the 
relatively  low  frequency  of  low  visibility  across  most  of 
the  Indian  Ocean  Plain. 

3-22 


INDIAN  OCEAN  PLAIN 

NORTHEAST  MONSOON  ("Glial") 


Decembwr-March 


Figure  3-20.  Northeast  Monsoon  Frequencies  of  Visibilities  Below  3  Miles,  Indian  Ocean  Plain. 


WINDS.  Mean  surface  wind  sfieeds  and  prevailing 
directions  (shown  in  Figure  3-21)  show  the  distinctive 
Northeast  Monsoon  circulation.  Light  nonhcasterlics  at 
Garrio  in  March  indicate  a  gradual  large-scale  decrease  in 


the  Northeast  Monsoon  at  higher  latitudes.  Wind  speeds 
above  5,(XX)  lecl  (1.524  meters)  MSL  are  easterly  at 
10-15  knots. 
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Figure  3-21.  Mean  Northeast  Monsoon  Wind  Speed  (kts)  and  Prevailing  Direction,  Indian  Ocean  Plain 


INDIAN  OCEAN  PLAIN 

NORTHEAST  MONSOON  ("Glial”)  December-March 


PRECIPITATION.  Northeast  Monsoon  ("Gilal") 
precipitation  is  light  to  non-existent.  Rainfall  averages 
less  than  0.7  inches  (17.5  inm)  a  month.  Only  Bardera, 
in  the  south,  receives  some  rainfall  every  month  Figure 


3-22  indicates  a  slight  precipitation  maximum  (oriented 
southwest  to  northeast)  over  Bardera.  This  area  lies 
under  a  weak  wind  maximum,  the  remnunts  of 
cross-equatorial  flow  in  December  and  March. 


Precipitation,  Indian  Ocean  Plain,  isohycts  represent  mean  seasonal  rainfall  totals 


(inches). 
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TEMPERATURE.  The  Northeast  Monsoon  is  a  very 
wunn  season,  especially  in  March  when  northeasterly 
How  decreases  in  strength,  Mean  daily  highs  range  from 
85°  to  104°  F  (29-40°  C).  Because  of  the  intense 
sunshine  there,  only  southern  inland  locations  (south  of 
4°  N)  reach  I00°F  (38°C)  on  a  daily  basis.  Coastal  air 
temperatures  remain  below  90°F  (32°C)  because  of  the 
extremely  moist  boundary  layer  air  and  sea  breezes  that 
moderate  climate  and  produce  small  diurnal  temperature 
ranges.  The  murine  layer  is  very  shallow  (less  than  I  ,(KX) 
feet/305  meters)  and  extends  5-10  NM  inland.  Absolute 


highs  range  from  89°F  (32°C)  in  January  at  Chisimaio  to 
1I3°F  (45°C)  in  March  at  Burdcra.  With  little  cloud 
cover  or  precipitation  in  the  northern  Indian  Ocean  Plain, 
low  temperatures  can  reach  53-55°F  (IM2°C),  except 
on  the  coast,  where  70°F  (2I°C)  or  less  is  extremely 
rare.  Mean  daily  lows  range  from  64°F  (I8°C)  at 
Scusciuban  to  78°F  (26°C)  at  C'hisimaio.  Absolute  lows 
from  53°F  (ll°C)  in  February  at  Scusciuban  to  73°F 
(23°C)  at  Chisimaio  in  March.  Figure  3-23  summarizes 
Northeast  Monstxin  temperatures  across  the  Indian 
Ocean  Plain. 


Figure  3-23.  Mean  Northeast  Monsoon  Daily  Maximum/Minimum  Temperatures  (  F), 
Indian  Ocean  Plain. 
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INDIAN  OCEAN  PLAIN 

NORTHEAST-TO-SOUTHWEST  MONSOON  TRANSITION  f  Gu ")  Aprll-June 


GENERAL  WEATHER.  Prolonged  rains,  extensive 
cloud  cover,  and  southerly  flow  associated  with  the 
return  of  the  Somali  Jet  dominate  the  transition  from 
Northeast  to  the  Southwest  Monsoon,  referred  to  locally 
as  "Gu,"  or  the  "long  ruins."  Significant  weather  occurs 
near  the  Somali  Jet  core  as  it  flows  SSW  to  NNE  across 
the  region  by  mid-May. 

Precipitation  initially  develops  in  the  south  where 
low-level  Monsoon  Trough  convergence  and  Somali  Jet 
(low  is  strongest.  Moderate  shower  activity  migrates 
slowly  northward,  with  a  resurgence  of  strong  southerly 
flow  into  higher  latitudes.  In  many  locations,  the 
transition  is  the  wettest  season  of  the  entire  year. 


SKY  COVER.  The  mcun  seasonal  cloudiness  increase 
shown  in  Figure  3-24  is  a  direct  result  of  the  Somali  Jet's 
strong  low-level  southerly  component.  Moist 
cross-cquatoriul  flow  returns  in  April  to  push  the 
Monsoon  Trough  axis  northward.  Low-level  instability 
and  cloud  cover  parallels  the  jet  core  axis.  Weak 
northeasterly  flow  and  Northeast  Monsoon  cloud  patterns 
arc  evident  100  NM  north  of  the  Monsoon  Trough,  but 
Southwest  Monsoon  flow  dominates  south  of  the  Trough 
axis.  Mean  cloud  cover  ranges  from  over  75%  in  the 
Southwest  to  less  than  50%  in  the  northeast.  Mean 
Monsoon  Trough  instability,  rainfall,  and  Somali  Jet 
flow  remain  south  of  6°  N  until  early  May.  Higher 
percentages  in  the  south  reflect  heavy  April  rainfall,  thick 
cloud  cover,  and  strong  low-level  Somali  Jet  llow. 


Frequencies,  Indian  Ocean  Plain.  Isolincs  arc  in  5%  intervals.  The 
data  is  derived  by  calculating  the  grand  mean  from  Nationallnlclligcncc 
Summary  (NIS)  mean  cloudiness  data  for  specific  sites  during  April, 
May,  and  June. 


3-26 


INDIAN  OCEAN  PLAIN 

NORTHEAST-TO-SOUTHWEST  MONSOON  TRANSITION  ("G u") 


Aprll-Juno 


At  the  selected  stations  shown  in  Figure  3-25,  low 
ceiling  frequencies  range  from  21  to  62%.  Immediately 
north  of  die  mean  surface  Monsoon  Trough  position, 
ceilings  are  below  3, (XX)  feel  (915  meters)  AGL 
primarily  during  daylight  hours  as  light  northeasterly 
winds  let  diurnal  convective  heating  and  fair  weather 
cumulus  development  mix  with  Somali  Jet  (low.  South 
of  the  Trough  axis,  the  diurnal  cycle  is  present  except  at 
Mogadishu.  The  higher  frequency  of  nocturnal  low 
ceiling  observations  are  associated  with  the  Somali  Jet. 
Ceilings  below  1,500  feet  (457  meters)  AGL  arc  not 
uncommon  at  Bclet  Uen,  Chisimaio,  and  Mogadishu, 


where  high  humidity  and  calm  winds  prevail  at  night. 
Cloud  bases  near  the  Somali  Jet  average  2, 500-3, (XX)  feet 
(762-915  meters)  AGL.  Stratocumulus  is  the  dominant 
cloud  type.  Tops  only  reach  8, (MX)  feet  (2,439  meters) 
MSL.  Short-lived  cumulus  squall  lines  usually  move 
onshore  with  the  sea  breeze  between  08(K)-II(X)  LST. 
Squall  line  cloud  bases  average  2, (XX)  feet  (610  meters) 
AGL,  and  cloud  tops  may  reach  1 5, (XX)  Iccl  (4,573 
meters)  MSL  over  water.  Strong  low-level  shear  near  the 
Somali  Jet  dissipates  squall  lines  and  heavy  cumulus 
development. 


Figure  3-25.  NE-SW  Monsoon  Transition  of  Ceilings  Below  3,000 
Feet  (915  meters),  Indian  Ocean  Plain. 
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VISIBILITY.  Allhough  low  visibility  frequencies 
(Figure  3-26)  increase  slightly  during  the  transition,  they 
remain  low  everywhere  except  Bclet  Uen,  where  the 
topography  and  moisture  produce  thick  ground  fog  that 
usually  dissipates  by  0900  LST,  Heavy  rainshowers, 
dust,  and  fog  are  the  principal  visibility  restrictions. 
Early  morning  sea  fog  is  responsible  for  most  visibilities 
below  3  miles  along  the  coast,  but  shower  activity  and 
squall  lines  can  raise  dust  along  coastal  dunes.  Dust  and 


haze  account  for  most  low  visibilities  in  the  northern 
Indian  Ocean  Plain  interior  under  stable  conditions. 
Convective  activity  near  the  Monsoon  Trough/Somali  Jet 
increases  surface  w>nd  speeds.  If  rainfall  is  sparse, 
localized  duststorms  occur;  however,  visibility  rarely 
drops  below  3  miles  for  more  than  an  hour.  Heavy  rains 
rarely  drop  visibility  below  3  miles  for  more  than  30 
minutes. 


Figure  3-26.  NR-SW  Monsoon  Transition  Frequencies  of  Visibilities  Below 
3  Miles,  Indian  Ocean  Plain. 
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NORTHEAST-TO-SOUTHWEST  MONSOON  TRANSITION  ("Gu")  Aprll-Jun« 


WINDS.  Surface  wind  convergence  into  ihe  Monsoon 
Trough  produces  the  "Long  Rains''  or  "Gu".  Figure  3-27 
gives  mean  surface  wind  speeds  and  prevailing  directions 
during  the  transition.  An  important  transition  feature 


shown  here  is  the  steady  increase  in  southerly  Mow.  In 
April,  only  Gordo  has  light  ESE-NF,  winds,  while 
southcastcrlies  dominate  the  rest  of  the  region.  By  May, 
strong  southerly  winds  affect  the  entire  region. 
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Figure  3-27.  Mean  NE-SW  Monsoon  Transition  Wind  Speed  (kts)  and  Prevailing 
Direction,  Indian  Ocean  Plain. 


Somali  Jet  speeds  average  25-40  knots  at  4,(XX)-6,000 
feet  (1,220-1,829  meters)  MSL,  but  speeds  in  excess  of 
50  knots  are  not  uncommon.  The  jet  core  may  split  into 
two  or  three  ill-defined  wind  maxima.  Typically,  thes' 
wind  maxima  occur  at  different  levels  between  2I(X)  and 
07(X)  LST  when  the  jet  is  at  maximum  strength. 
Daylight  jet  speeds  arc  10- 1 5  knots  weaker  than  at  night. 

Above  10,000  feel  (3,050  meters)  MSL,  light 
easterlies  (10-15  knots)  dominate  south  of  the  Monsoon 
Trough.  In  June,  15,(XX)-foot  (4,573-metcr)  (low  shifts 
briefly  to  southerly.  North  of  the  Trough,  easterlies 
increase  with  height  above  10, (XX)  Icet  (3,050  meters) 
because  the  Tropical  Easterly  Jet  near  2(X)  millibars 
Hows  cast  to  west  across  the  region;  mean  speed  in  June 
is  40-60  knots,  but  speeds  greater  titan  70  knots  may 
occur. 

PRECIPITATION.  This  is  the  wettest  period  of  the 
year.  Because  the  Somali  Jet  migrates  from  south  to 
north,  and  because  the  Northeast  Monsoon  retreats 
northwards  with  increased  Somali  Jet  flow,  surface 
convergence  along  the  Monsoon  Trough  and  Indian 
Ocean  Plain  is  persistent.  The  northern  edge  of  the 
Somali  Jet  increases  instability  above  the  surface  trough. 
Heaviest  rainfall  is  located  beneath  and  to  the  immediate 
cast  and  north  of  the  jet  core  wind  maximum,  but 
isolated  heavy  convection  and  showers  may  be  present 


along  the  entire  surface  Monsoon  Trough,  where  weak 
northcastcrlics  and  persistent  southerlies  converge. 
Normally,  April  and  May  are  wettest  in  the  interior, 
while  May  and  June  are  wettest  on  the  coasts,  This  is  the 
result  of  subtle  shill  in  mean  Somali  Jet  orientation. 

By  the  end  of  May,  the  mean  Somali  Jet  core  is  over 
the  southern  Indian  Ocean  Plain  from  the  Kcnya-Somaiia 
bolder  to  4°  N,  as  shown  in  Figure  3-28.  Heaviest 
rainfall  occur.,  south  of  5°  N,  beneath  the  jet  core. 
Steady  showers  and  occasional  moderate  rainfall  prevails 
for  3-7  weeks.  Thunderstorms  are  rare,  but  they  may 
form  beneath  or  east  of  a  southern  Somali  Jet  core  wind 
maximum  between  3-6°  N. 

Rainfall  amounts  slacken  Noah  of  5°  N,  blit  light 
rainshowers  along  the  Monsoon  Trough  persist  for 
several  days.  Heavy  showers  arc  triggered  by  flow 
surges  in  the  Somali  Jet.  Normally,  a  10-to  25-knol 
increase  in  Somali  Jci  llow  lets  moisture  and  instability 
surge  northward  into  the  Monsoon  Trough.  Heavy 
rainfall  is  localized  near  where  the  northern  edge  of  the 
flow  surge  and  surface  Monsoon  Trough  intersect.  Such 
events  can  be  forecast  by  observing  a  SE  to  S  wind  shill 
in  the  northern  Mozambique  C'luinncl-scc  Figures 
2-37u-k.  Although  this  figure  represents  a  July  moisture 
surge,  a  mid-or  late  June  synoptic  situation  is  also  very 
common. 
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Figure  3-28.  Mean  May  Flow  Pattern  at  3,000  Feet  (915  meters)  A(JL  (adapted  from  Findlater,  1971). 
Heaviest  precipitation  areas  (Shaded)  are  shown  to  the  immediate  north  and  cast  of  the  Somali  Jet  wind  core. 


The  isohycLs  in  Figure  3-29  show  a  broad  transition 
rainfall  zone  of  more  than  7.2  inches  (183  mm)  between 
Bardera  and  Mogadishu,  and  another  in  the  extreme 
southern  lip  of  the  region.  Both  regions  lie  beneath 
persistent  Somali  Jet  How  and  abundant  moisture. 
Between  4-7°  N  and  44-50°  E,  and  north  of  9°  N  to  cast 
of  49°  E.  less  than  2.4  inches  (61  mm)  of  rain  falls 


during  the  transition.  In  the  extreme  north,  Somali  Jet 
moisture  is  insufficient  to  produce  as  much  rainfall  as  in 
the  south.  Nearly  all  rainfall  in  the  extreme  north  is 
caused  by  surface  convection  generated  by  ihc  Monsoon 
Trough.  On  rare  occasions,  orographic  uplift  of  Somali 
Jet  flow  in  the  eastern  Ethiopian  Highlands  generates 
light  showers  in  the  interior. 
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Figure  3-29.  Mean  NE-SW  Monsoon  Transition  Monthly/Maximum 
24-Hour  Precipitation,  Indian  Ocean  Plain.  Isohycis  give  mean  seasonal 
rainfall  totals  (inches). 


TEMPERATURE.  Maximum  temperatures  here  result  coastline  up  to  10  NM  inland  is  moderated  by  the  marine 
from  the  clear  skies,  light  winds,  and  intense  solar  boundary  layer.  Average  diurnal  temperature  ranges 

radiation  in  early  April,  before  Somali  Jet/Monsoon  inland  exceed  30°F  (I7°C)  in  April  and  May,  blit  they 

Trough  cloudiness  migrates  northward.  The  absolute  rarely  exceed  14  F°(8°C)  on  the  coast.  Mean  daily  lows 

maximum  (122°F/ 5()°C)  was  recorded  at  Lugh  Fcrrandi  range  from  72°F  (22°C)  at  Galcaio  to  78°F  (26°C)  at 

in  April;  the  record  high  on  the  coast  was  93°F  (34°C),  many  coastal  sites.  Record  lows  range  from  61  °F  ( I6°C) 
recorded  at  Mogadishu  in  June.  Mean  daily  highs  range  in  April  at  Scusciuban  to  7()°F  (2I°C’>  in  June  at 
from  9I°F  to  I05°F  (33-4  l°C)  in  the  interior.  Most  Chisimaio.  Figure  .3-30  gives  mean  daily  highs  and  lows 
IOO°F+  (38°C)  temperatures  occur  north  of  5°  N.  The  tor  selected  stations. 
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Chapter  4 

ETHIOPIAN  HIGHLANDS 

The  "Ethiopian  Highlands"  region  encompasses  most  of  Ethiopia  (ET)  and  small  portions  of  Djibouti  <DJ), 
Somalia  (SI),  and  Sudan  (SU).  After  describing  the  area’s  situation  and  relief,  this  chapter  discusses  typical  weather 
conditions  by  season,  Seasons  here  have  local  names  ("Krcmpl,"  "Tscdia,"  and  'Belgh  ),  as  shown. 
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Figure  4- In.  The  Ethiopian  Highlands.  This  region  includes  most  of  Ethiopia,  northern  Somalia,  extreme  eastern 
Sudan,  and  western  Djibouti. 
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Figure  4-lb  Climatolological  Summaries  Tor  Selected  Stations  in  the  Kthiopian  Highlands. 
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ETHIOPIAN  HIGHLANDS 


SITUATION  AND  RELIEF 


SITUATION  AND  RFi.IRF.  The  Ethiopian  Highlands 
Region  includes  all  land  above  3,280  feet  '1,000  meters), 
as  well  as  a  l(X)  by  20  NM  portion  of  the  area  between 
1,620  and  3,280  feet  (500  and  i,0<)0  meters)  in  the 
northern  Great  Rift  Valley  where  llie  Awash  River  drains 
into  Lake  Abbe.  The  western  boundary  extends  from  the 
Kcnya-Elhiopia  border  northward  into  Sudan,  20  NM 
west  of  the  Red  Sea.  The  northern  boundary  ol  the 
region  includes  all  mountainous  terrain  parallel  to  the 
Red  Sea  and  Gulf  of  Aden  to  about  50°  30’  E.  The 


eastern  boundary  arcs  northeast  to  southwest  over 
northern  Somalia  and  eastern  EUiiopiu  to  the  Kenya 

border. 

ZONKS  OF  RKL1KF.  The  Ethiopian  Highlands  region 
contains  enough  distinctly  different  relief  features  to 
warrant  its  separation  into  three  zones;  The  Western 
Highlands  (Figure  4-2a),  The  Grail  Rift  Valley  (Figure 
4-2b),  and  The  Eastern  Highlands  (Figure  4-2c). 


Figure  4-2a.  The  Western  Highlands.  This  zone  averages  250  NM  in  width  and  contains  the  highest  mountain 
peaks  in  the  Ethiopian  Rift  System. 


The  Western  Highlands  are  characterized  by  volcanic 
peaks  and  rugged  escarpments.  It  contains  several  large 
lakes  and  waterfalls.  Volcanic  ranges  run  south  to  north, 
from  Kenya  to  the  Red  Sea  and  Sudan,  for  950  NM. 
Elevations  average  8,000  feel  (2,440  meters),  and 
numerous  peaks  rise  above  14,000  feel  (4,420  meters) 


MSL.  The  extremely  rugged  terrain  keeps  low-level 
flow  from  interior  Africa  from  reaching  the  Indian 
Ocean.  Western  Highlands  weather  is  influenced  only  by 
synoptic  weather  features  common  to  the  subtropical 
African  continent. 
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The  major  ridge  system  runs  from  north  to  south  Isolated  interior  ranges  to  the  west  of  the  valley 
along  the  western  edge  of  the  Great  Rill  Valley.  The  include  the  Choke  Mountains  (11°  N,  18°  F.),  which 

Eritrean  Mountains  (10-15°  N,  39-40°  E)  form  the  contain  Mount  Birhun  (13,625  fccl/4,154  meters)  find 

northernmost  portions  of  the  Western  Highlands.  The  Mount  Amedamit  (11,870  feci/3, 6l9  meters).  The 

highest  elevation  in  the  Horn  of  Africa  (15,158  Sc.shia  Mountains  (8°  N,  36-37°  E)  occupy  the 

fcct/4,620  meters)  is  here,  at  Mount  Dashan.  Average  southwestern  fringes  of  the  Highlands.  Mount  Dulla  is 
elevation  is  1 1,000  feet  (3,354  meters)  along  the  central  the  highest  peak  (12,093  fcct/3,686  meters). 

Great  Rift  Valley's  western  edge. 


M  3C  31  40  42  44  46  48 

EAST 


Figure  4-2b.  The  Great  Rift  Valley.  The  valley  is  a  flat,  V-shaped  depression  that  slopes  upward  from  NNE  to 
•SSW.  Elevations  average  4, 000-5, (XX)  feel  (1,220- 1,3 15  meters). 


The  Great  Rift  Valley  floor  gradually  narrows  from  Eritrean  Mountains  and  the  Djibouti  border  near  13°  N, 

250  NM  near  the  Red  Sea-Gulf  of  Aden  coast  to  10  NM  4 1 0  E.  A  chain  of  large,  brackish  lakes  (see  "Lakes  and 

southeast  of  Addis  Ababa,  Ethiopia.  Near  the  Red  Reservoirs")  in  the  southern  valley  separates  the 

Sea-Gulf  of  Aden  coast,  the  broad  valley  floor  is  an  extensive  volcanic  ridges  ol  the  Western  Highlands  from 

ancient  sea  bed  of  sand  and  rocky  stubble.  It  is  the  older,  weathered  Eastern  Highlands.  The 

extremely  arid  and  desolate,  with  several  small  deserts.  lakcs-oricntcd  NTE  to  SSW  along  the  valley  floor  -are 

The  small  mountainous  portion  of  the  Danakil  Desert  spring-fed. 

covers  800  sq  NM  between  the  eastern  slopes  of  the 
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Figure  4-2c.  The  Eastern  Highlands  form  the  eastern  boundary  or  the  Ethiopian  Highlands  region  Oriented 
SW-NE,  they  extend  900  NM  from  south  central  Ethiopia  to  northeastern  Somalia.  Elevations  average  7, (Hit  iecl 
(2,745  meters),  but  several  peaks  reach  I3,(XM)  feet  (3,963  meters). 


Tht  Eastern  Highlands  contain  three  distinct 
mountain  ranges:  the  Mendeho  Mountains..,  the  Ahrtiur 
Range,  and  the  Ogo  Highlands  of  northern  Somalia. 

The  Mendeho  Chain  is  the  highest  and  most  rugged 
in  the  Eastern  Highlands.  Mount  Koka  (13,747 
fcct/4,190  meters)  and  Mount  Batu  (14,131  fcet/4,307 
meters)  rise  near  the  source  of  the  Juba  and  Shcbclc 
Rivers,  both  or  which  flow  southeastward  toward  the 
Indian  Ocean  Spectacular  gorges  and  waterfalls  arc 
common. 

The  Ahmar  Range  consists  of  weathered  volcanic 
peaks  with  gradually  sloping  terrain  on  both  sides  ol  the 
ridge  crests.  Located  near  9°  N,  the  range  runs  west  to 
cast  from  40  to  43°  E.  Many  streams  radiating  from  this 
ranges  become  semi|>ermanent  waterways  over  the 


semiarid  Ogaden  Plateau  (see  Figure  3-2e)  anil  the  Great 
Rift  Valley.  The  highest  peak  (8,212  fcct/2,503  meters) 
is  Mount  Assabol. 

The  Ogo  Highlands  are  the  highest  in  Somalia;  their 
highest  point  (7,900  fee 1/2, 408  meters)  is  at  Surutl  Ad. 
The  Highlands  extend  470  NM  west  to  cast  along  the 
Gulf  of  Aden  to  within  75  NM  of  Cape  Guardalui.  In 
northern  Somalia,  they  become  eroded,  discontinuous 
ranges  50-75  NM  wide  with  several  peaks  that  reach 
7,000  feet  (2,134  meters).  Ridge  lines  are  separated  by 
weathered  plateaus  that  average  1,900  feel  (579  meters) 
high  and  5-10  NM  wide.  Plateaus  contain  one  or  more 
shallow  intermittent  stream  beds.  Northern  slopes  ol  the 
Ogo  arc  steep,  but  southern  slopes  descend  gradually  to 
the  semiarid  Haud  Plateau. 
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RIVER  SYSTEMS.  The  Ethiopian  Highlands  contain 
numerous  river  systems  and  mountain  lakes.  Most  rivers 
originate  in  the  Western  Highlands;  three  of  these 
((lowing  from  south  to  north)  are  the  Omo,  the  Awash 
and  the  Blue  Nile.  The  Omo  flows  500  NM  south  from 
the  Seshia  Mountains  into  Kenya.  The  Awash  originates 
along  the  western  slopes  of  the  Great  Rift  Valley  and 
Hows  northeastward  through  deep  gorges  south  of  Addis 
Ababa  into  the  Great  Rift  Valley  towards  Lake  Abbe,  a 
total  run  of  500  NM.  The  Blue  Nile  begins  at  Lake  Tana 
(12°  N,  37°  20’  E)  and  flows  southeast,  south,  then  west 
around  the  Choke  Mountains  before  entering  Sudan. 

The  eastern  Ethiopian  Highlands  contain  the  Juba  and 
Shsbcle  Rivers.  Both  originate  in  the  Mcndcbo 
Mountains.  Their  flow-  cuts  deep  gorges,  some  4,920  feet 
(1, 5(H)  meters)  deep.  Many  small  streams  originate  on 
the  southern  slopes  of  the  Ogo  Highlands,  all  flowing 
intermittently  below  3,280  feet  ( I  ,(MX)  meters). 

LAKES  AND  RESERVOIRS.  The  southern  Great  Rift 
Valley  contains  numerous  lakes,  all  above  4,000  Icet 
(1,220  meters).  Lake  Tana,  at  6,(X)4  feel  (1,829  meters) 
MSL.  is  the  largest,  covering  1,400  sq  mi.  Lake  Zwai 
(150  sq  mi),  Lake  Lanagana  (80  sq  mi),  and  Lake  Shala 
form  a  chain  of  lakes  near  the  apex  of  the  Great  Rift 
Valley.  These  lakes  contain  natural  hot  springs  located 
above  the  5,(XX)-foot  ( 1 ,620-mclcr)  level.  Lake  Zwai 
(elevation  6,056  feci/1,846  meters)  contains  live 
inhabited  islands;  the  largest  (Tulugudu)  is  2  NM  long. 
Near  6°  20  N,  38°  E),  Lake  Abaya  (485  sq  mi,  elevation 
4,160  fcci/1,267  meters)  and  Lake  Chamo  (210  sq  mi, 
elcvatopm  4,045  feet/1,231  meters)  form  a  wide  elevated 
basin  containing  hot  springs  and  marshlands.  During  the 
rainy  season,  these  lakes  are  connected  by  a 
scmi|»ern'anent  river. 

VEGETATION.  The  Ethiopian  Highlands  contain 
varied  vegetation  types.  Tropical  forests  flourish  above 


6, (XX)  feet  (1,829  meters);  alpine  forests  grow  above 
8,2(X)  feet  (2,5(X)  meters).  Semiarid  shrub  and  savannah 
grasses  cover  lower  elevations. 

Above  6,560  feet  (2, (XX)  meters),  the  Western 
Highlands  contain  a  mixture  of  tropical  evergreen  forest 
and  deciduous  woodland,  Scattered  alpine  vegetation 
grows  above  8,200  feet  (2,500  meters),  especially  in  and 
along  the  deeper  elevated  gorges  of  the  Eritrean  and 
Choke  Mountains.  To  the  south,  tropical  savannahs 
dominate  below  6,560  feel  (2, (XX)  meters).  Along  the 
western  slopes  and  high  plateaus  bordering  Sudan,  there 
is  a  transition  to  a  semiarid  zone  that  contains  scattered 
open  woodland  and  thorny  shrubs. 

The  Greut  Rill  Valley  has  two  distinct  vegetation 
zones.  The  narrow  southern  valleys  containing  the  lakes 
have  savannah  grasslands  and  scattered  open  woodland. 
Some  aquatic  grasses  inhabit  the  lake  fringes  and 
seasonal  swamplands.  As  the  Rift  Valley  widens, 
vegetation  reflects  the  distinctly  semiarid  environment 
within  50  NM  o<  the  Red  Sea-Gull  of  Aden  coastal  plain. 
The  savannahs  in  the  south  become  short  thorny  scrub 
and  grass  clumps  as  moisture  decreases  toward  the  north 
and  northeast.  Only  short,  isolated  trees  grow  north  of 
12°  N. 

The  Eastern  Highlands  south  of  7°  N  have  tall  grass 
savannah  intermixed  with  thorn  trees  between 
4,920-6,560  feet  (1,500-2,000  meters).  Above  the 
6,560-foot  (2,(XM)-melcr)  level,  isolated  evergreen 
vegetation  grows,  but  it  is  confined  primarily  to  the  deep 
valleys  in  the  rugged  ridges  of  the  Mcndcbo  Range.  The 
Ahmar  anil  Ogo  Highlands  contain  short  savannah 
grasses  and  thorny  acacia  trees  above  4,920  feel  ( 1 ,500 
meters).  Below  the  4, 920-foot  (1,500-inctcr)  level, 
vegetation  becomes  the  semiarid  scrub  familiar 
throughout  Africa. 
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GENERAL  WEATHER.  Widespread  convcclion 
dominates  the  Western  Highlands  and  the  Mcndcho 
Mountains  of  the  Eastern  Highlands.  Monsoon  Trough 
moisture  "surges"  into  the  numerous  canyons,  ravines, 
and  valleys,  where  orographic  uplift  forces  moisture  to 
the  700-  to  500-mb  layer.  Heaviest  rainfall, 
thunderstorms,  and  occasional  small  hail  affect  the 
highest  ridges  immediately,  while  moderate  rainshowers 
or  continuous  drizzle  fall  downwind  from  massive  cloud 
clusters.  The  Ethiopian  Highlands  region’s  complex 
terrain  produces  widely  variable  precipitation  patterns 
because  synoptic  circulation  and  moisture  distributions 
below  850  mb  are  so  complex.  Moist  low-level  currents 
only  affect  certain  sections  of  the  Ethiopian  Higldands. 

SKY  COVER.  Extensive  cloudiness  in  all  of  the 
Western  Highlands  and  in  the  extreme  southern  portions 
of  the  Eastern  Highlands  and  Great  Rift  Valley  is 
produced  by  heavy  Monsoon  Trough  convection.  Moist 
southerly  flow  from  the  African  interior  produces 
orographic  convection  along  the  Choke,  Seshia,  and 
Eritrean  Ranges.  Low-level  moisture  comes  from  the 
African  Monsoon  Trough  and  the  Turkana  Channel 
through  the  western  branch  of  the  Soinali  Jet,  which  see. 
Heavy  convcclion  drifts  slowly  northeastward  into  the 
southern  Great  Rift  Valley.  Although  strong  surface 
healing  assists  in  convective  cell  intensification, 
upper-level  easterlies  often  prevent  eastward  movement 
of  convective  activity  in  the  Western  Highlands  beyond 
43°  E. 

East  of  43°  E,  the  Somali  Jet  and  dry  low-level  flow 
(rather  than  the  African  Monsoon  Trough)  dominate  the 
Eastern  Highlands.  The  Mendebo  and  Ahmar  Mountains 
are  consistently  cloud-covered  because  of  abundant 


June-September 


Turkana  Channel  moisture.  Orographic  uplift  on  west, 
south,  and  cast  slopes  arc  continuously  fueled  by  moist 
low-level  flow  between  June  and  August.  A  reduction  in 
Turkana  Channel  flow  ends  widespread  convection 
abruptly.  By  mid-September,  an  intense  surface  heating 
mechanism  temporarily  replaces  the  broad  low-level 
moisture  source. 

Orographic  effects  provide  only  isoluted  convective 
activity  east  of  the  Ahmar  Mountains  and  Hargeisa. 
African  Monsoon  Trough  moisture  rarely  |>cnctraies 
eastward  beyond  the  Western  Highlands.  As  a  result, 
only  the  fast-moving  Sotnuli  Jet  or  intense  surface 
heating  can  generate  orographic  showers.  The  dry 
low-level  flow  is  deflected  eastward  and  upward  along 
the  Ogo  Highlands  southern  slopes.  Slratocumulus 
forms  above  5,000  feet  (1,524  meters)  AGL,  then  moves 
ENE  with  the  Somali  Jet.  If  upper-level  easterly  flow  is 
less  than  15  knots,  and  if  there  is  enough  low-level 
healing  and  deep  vertical  moisture,  cumulus  develops. 
Otherwise,  cloud  development  along  the  Ogo  Highlands' 
southern  slopes  is  rapidly  sheared  at  the  mid-  and  upper 
levels. 

In  general,  mean  cloudiness  shown  in  Figure  4-3  for 
the  entire  Ethiopian  Highlands  varies  from  less  than  45% 
in  the  east  to  more  than  70%  in  the  west.  At  remote 
elevations  above  10,000  feet  (3,050  meters)  MSL, 
Southwest  Monsoon  mean  cloudiness  is  much  higher, 
running  from  78  to  95%.  Since  orographic  cloud  cover 
depends  on  orientation  to  prevailing  How  and  available 
moisture,  mean  cumulus/siralocuinulus  cover  in  the 
Great  Rift  Valley  may  vary  by  25-35%  over  a  distance  of 
25-30  NM. 


ETHIOPIAN  HIGHLANDS 

SOUTHWE8T  MONSOON  ("Krempl") 


Jun»-Sept«mber 


Figure  4-3.  Mean  Southwest  Monsoon  Cloudiness  Frequencies,  Fthiopiun 

Highlands.  Isolines  arc  in  5%  intervals.  The  data  is  derived  by  calculating  the  grand 
mean  from  National  Intelligence  Summary  (NIS)  mean  cloudiness  percentages  for 
specific  sites  between  June  and  September. 


Dominant  cloud  types  throughout  the  region  are 
cumulus  and  cumulonimbus.  Intense  surface  healing 
along  the  plateaus  of  extreme  western  Ethiopia  and  Great 
Rift  Valley  (all  above  6,000  fcet/1,829  meters  MSL) 
produce  diumal  cumulus  or  cumulonimbus  development. 
Midday  (1100-1500  LST)  cloud  bases  average 
6, 000-8, (XX)  feet  (1,829-2,439  meters)  AGL,  with  tops 
exceeding  40.000  feel  (12,195  meters)  MSL. 
Thunderstorm  tops  reach  50, (XX)  feel  (15,244  meters). 
Cirrus  and  altocumulus  most  often  occur  over  the  Great 
Rift  Valley  and  Eastern  Highlands  as  the  result  of 
thunderstorm  "blow-off’  from  heavy  convection  along 
the  Eritrcan/Chokc  Mountains  and  the  Mendebo/Ahmar 
Mountains  respectively. 

Extensive  stratus  or  stratocumulus  decks  form  in  the 
early  morning  along  the  southern  Great  Rift  Valley. 


Light  mountain  breezes  and  rcsiduul  moisture  from 
heavy  precipitation  produce  strong  inversions  at 
1  ,(XX)-3,(XX)  feet  (305-915  meters)  AGL.  Bases  below 
1,000  feel  (305  meters)  are  not  uncommon,  but  they  give 
way  to  extensive  cumulus  buildup  after  I  l(X)  LST. 

Diurnal  variation  in  ceilings  below  3, (XX)  Icci  (915 
meters)  is  apparent  from  Figure  4-4.  Although  not 
apparent  in  the  figure  because  there  tire  no  weather 
reports  from  the  Great  Rift  Valley,  the  numerous  large 
lakes  there  result  in  a  high  frequency  of  low  ceilings 
between  2 100  and  09(H)  LST.  Ceilings  in  the  Great  Rill 
Valley  fall  below  1,(XX)  feel  (305  meters)  on  1  day  in  3. 
Frequencies  of  ceilings  below  3, (XX)  feet  (915  meters)  arc 
shown  in  Figure  4-4;  they  range  from  44%  at  Ncghclle 
to  only  1  %  at  Dire  Dawa,  both  at  09(H)  LST. 
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Figure  4-4.  Southwest  Monsoon  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters), 
Rthiopian  Highlands. 


VISIBILITY.  Southerly  flow  results  in  an  influx  of  ravines,  and  valleys  where  light  early  morning  winds  and 

moisture  during  the  Southwest  Monsoon.  The  rugged  residual  moisture  from  heavy  convection  lower  visibility 

terrain  produces  orographic  uplift,  and  heavy  rains  or  between  0500  and  0800  LST.  "Dust  haze"  is  a  localized 

thundershowers.  Figure  4-5  shows  the  highest  frequency  low-visibility  phenomenon  in  the  northern  Great  Rift 

of  visibilities  below  3  miles  to  be  6%  (at  Asmara),  but  Valley.  Since  the  region  has  so  lew  reporting  stations, 

most  visibilities  below  3  miles  occur  in  remote  locations  conditions  there  must  be  inferred  by  analyzing  coastal 

over  rugged  terrain,  in  heavy  orographic  cloud  cover.  A  data,  soil  moisture  conditions,  and  soil  type.  Minimum 

high  incidence  of  ground  fog  and  heavy  mist  can  also  be  visibilities  here  arc  believed  to  average  more  than  3 

expected  along  remote  Western  Highland  mountain  lops,  miles;  in  isolated  eases,  they  may  go  as  low  as  1/2  mile. 


> 
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Figure  4-5.  Southwest  Monsoon  Frequencies  of  Visibilities  llelow  3  Miles,  Ethiopian  Highlands. 


WINDS.  Complex  interactions  between  local 
mounlain/valley  circulation  and  prevailing  synoptic  llow 
produce  widely  variable  surface  wind  patterns 
throughout  the  Ethiopian  Highlands.  Elevation  and  ridge 
orientation  are  important  in  determining  to  what  degree 
low-and  mid-level  circulation  will  affect  a  specific  area. 
Only  genera!  trends  can  be  inferred  from  the  low -density 
surface  observation  network  in  this  region.  Forecasters 
should  be  most  concerned  with  prevailing  synoptic  flow 
patterns  because  increased  boundary  layer  moisture 
penetration  signifies  deep  recurving  southerly  flow  and 
Southwest  Monsoon  conditions  (see  Chapter  2). 


Normally,  Monsoon  Trough  and  Somali  Jet  position 
determine  low-  and  mid-level  circulation.  The  surface 
Monsoon  Trough  lies  between  17°  and  20°  N  in  June, 
between  19°  and  22°  N  in  July,  and  between  12°  and 
18°  N  in  September.  However,  90%  of  the  Ethiopian 
Highlands  region  lies  above  850  mb;  only  the  peripheral 
plateaus  and  the  northern  Great  Rift  Valley  arc  below 
850  mb.  As  a  result,  the  surface  Monsoon  Trough  is 
discontinuous  over  the  rugged  mountainous  interior  and 
ill-defined  when  joined  over  the  Red  Sea  and  Gull  ol 
Aden. 
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Southwest  Monsoon  surface  flow  below  850  mb  is 
southerly,  but  the  Western  Highlands,  the  Eastern 
Highlands,  and  the  Great  Rift  Valley  receive  unequal 
amounts  of  southerly  flow  during  the  Southwest 
Monsoon  because  the  surface  Monsoon  Trough  is 
divided  into  two  distinct  segments  by  topography. 
Above  760  mb,  which  is  Addis  Ababa’s  mean  pressure 


during  the  Southwest  Monsoon,  weak  easterlies 
dominate.  Aloft,  there  is  a  27-  to  48-knol  wind 
maximum  at  the  2(H)-  and  lOOmb  !cvcls--scc  "Tropical 
Easterly  Jet,"  Chapter  2.  Easterly  synoptic  flow  prevails 
throughout  the  region  until  deep  southerly  How  migrates 
northward.  Even  then,  mean  southerly  How  only  persists 
below  760  mb  during  July. 


Addis  Ababa  3-levd  direction 


Figure  4-6.  Mean  Annual  Wind  Direction,  Addis  Ababa,  Ethiopia.  Addis  Ababa 
is  at  7,624  feet  (2,324  meters)  above  mean  sea  level. 


Southerly  flow  enters  the  Western  Highlands  from 
points  immediately  south  or  west  at  5-11  knots.  The 
Seshia  Mountains  receive  initial  sustained  Southwest 
Monsoon  southerly  "moisture  bursts"  from  the  Turkana 
Channcl-lhe  Somali  Jet’s  western  branch -through  late 
June.  Turkana  Channel  (low  alone  seldom  penetrates 
into  the  Seshia  Mountains  north  of  8°  N,  but  normally 
recurves  into  the  Monsoon  Trough  over  southeastern 
Sudan.  Deep  low-level  moisture  from  the  Monsoon 
Trough’s  northward  migration  across  equatorial  Africa 
seldom  penetrates  east  of  40°  E  because  of  the  barrier 
presented  by  the  Western  Highlands.  Normally,  the 
primary  Monsoon  Trough  current  slides  northward 
around  the  Eritrean  Mountains  (north  of  16°  N),  but 
southwesterly  How  at  6-10  knots  enters  the  deep  gorges, 
river  valleys,  and  low  plateaus  that  dissect  the  Western 
Highlands  During  daylight  hours,  local  mountain-valley 
winds  accentuate  orographic  uplift  and  deflect 
southwesterly  flow  at  the  microscale.  Local  valley  winds 


average  8-11  knots  and  may  deflect  Monsoon  Trough 
flow  in  the  deep  Omo,  3luc  Nile,  and  Alharuh  River 
valleys  to  westerly  or  northwesterly. 

Nocturnal  mountain  winds  oppose  prevailing 
Monsoon  Trough  flow,  but  do  not  override  them. 
Nocturnal  convergence  with  light  and  variable  winds  are 
common  to  most  Western  Highland  valleys  between 
23(X)  and  06(K)  L.ST.  These  winds  may  become  easterly, 
but  speed  is  usually  less  than  5  knots. 

Figure  4-7  gives  mean  annual  wind  directions  for 
three  levels  at  Asmara.  Asmara  is  in  the  extreme 
northern  pan  of  the  Western  Highlands.  The  winds  here 
illustrate  the  I (),00()-fool/3, 050-meter  deflection  of 
mid-level  flow  to  northerly.  By  September,  mean 
northeasterly  flow  signals  the  Monsixtn  Trough’s 
southward  migration. 
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Asmara  3-levei  wind  direction 


Figure  4-7.  Mean  Annual  Wind  Direction,  Asmara,  Ethiopia.  Asmara  is  7,627 
(cel  (2,325  meters)  above  sea  level. 


The  Great  Rift  Valley  gets  a  shallow  SSW  stream  of 
Southwest  Monsoon  air  at  4-7  knots  through  the  high 
plateaus  dividing  the  Scshia  Mountains  in  the  Western 
Highlands  and  the  Mcndcbo  Mountains  in  the  Eastern 
Highlands.  This  moist  southerly  How  doesn’t  regularly 
override  prevailing  mid-level  easterly  flow  until 
mid-July.  Normally,  southerlies  increase  to  8-11  knots 
before  easterly  flow  is  reversed.  The  Great  Rift  Valley  is 
affected  by  mesoscale  mountain-valley  winds  as  well  as 
synoptic  How.  The  northern  half  of  the  Great  Rift  Valley 
is  in  a  rain  shadow,  sheltered  from  Monsoon  Trough 
southerlies  by  the  Western  and  Eastern  Highlands. 
Daytime  valley  winds  are  dry  norlherlics  that  travel 
upslope  along  the  valley  floor.  This  surface  flow  (6-9 
knots)  produces  hot  and  dry  conditions  in  the  northern 
Great  Rift  Valley  throughout  the  Southwest  Monsoon, 
The  high -altitude  southern  Great  Rift  Valley  is  a  surface 
wind  transition  zone.  By  day.  moist  southerlies  and  dry 
but  weak  norlherlics  converge  near  Addis  Ababa.  Wind 
directions  are  variable,  but  average  8-9  knots.  At  night, 
mountain  winds  arc  southerly  or  easterly  at  4-7  knots. 

The  Eastern  Highlands  arc  also  affected  by  Monsoon 
Trough  How,  but  the  mechanism  is  different  than  in  the 


Great  Rift  Valley  or  Western  Highlands.  The  Somali  Jet 
provides  southerly  flow  to  the  Mendebo,  Altmar,  and 
Ogo  Ranges,  but  available  moisture  decreases  rapidly 
northward  as  the  Eastern  Highlands  deflect  the  Somali 
Jet  ENE  toward  the  Indian  Ocean.  As  a  result,  moist 
southerlies  (9-13  knots)  nrcxlucc  massive  uplift  along  the 
Mendebo  Mountains,  but  only  weak  (7-1 1  knots)  Somali 
Jet  flow  enters  the  southern  Great  Rift  Valley  between 
July  and  September. 

The  southern  Ahmar  Mountains  also  gel  Somali  Jet 
flow  (SSW  at  10-14  knots),  but  it  is  very  dry.  The  swift 
iow-lcvcl  current  deflects  towards  the  Indian  Ocean  -east 
of  Hargeisa-bcforc  leaving  the  region  in  the  southeastern 
Ogo  Highlands.  Wind  speeds  near  me  exit  region  arc 
17-25  knots  by  day  and  25-35  knots  at  night.  Figure  4-8 
gives  mean  surface  wind  speeds  and  prevailing  directions 
at  four  Ethiopian  locations.  At  Addis  Ababa  and 
Asmara,  mean  direction  shills  to  easterly  in  September, 
while  prevailing  direction  at  Ncghclle  and  Dire  Dawa 
remains  southerly  throughout  the  Southwest  Monsoon. 
These  regional  differences  illustrate  the  Monsoon 
Trough’s  effect  on  the  Western  and  Eastern  Highlands. 
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Figure  4-8.  Mean  Southwest  Monsoon  Surface  Wind  Speed  (kts)  and  Prevailing 
Direction,  Ethiopian  Highlands. 


Figure  4-9  shows  generalized  late  Southwest  Channel  flow  and  interior  African  Monsoon  Trough 

Monsoon  season  850-inb  moisture  flow  over  the  flow.  The  Monsoon  Trough’s  position  in  late  July  and 

Ethiopian  Highlands.  The  dashed  flow  arrows  represent  early  August  results  in  the  maximum  moist  southerly 

Somali  Jet  How,  while  the  solid  arrows  denote  Turkana  How  into  the  region. 
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Figure  4-9.  Generalized  Southwest  Monsoon  850-mb  Streamline  Flow  Pattern  and  Low-Level  Moisture 
Inflow  Trajectories.  Dashed  line  is  Somali  Jet  (low;  solid  lines  arc  Turkana  Channel  and  interior  African  Monsoon 
Trough  flow. 
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PRECIPITATION.  Between  55  and  90%  or  Ethiopian 
Highland  total  annual  rainfall  occurs  during  the 
Southwest  Monsoon-see  Figure  4-10.  Heavy  isolated 
convective  activity  develops  daily  along  the  rugged, 
sparsely  populated  western  and  southern  slopes  of  the 
Western  Highlands'  Choke,  Scshia,  and  Eritrean 
Mountains,  as  well  as  the  Eastern  Highlands'  Mendcbo 


Mountains.  Southerly  low-lcvcl  How  is  lifted 
orographically  to  produce  massive  convective  cells- that 
form,  dissipate,  then  regenerate  in  mid-and  upper-level 
easterlies  aloft.  Widespread  areas  of  continuous 
rainshowers  or  steady  drizzle  spread  downwind  from  the 
Mendcbo  Mountains  into  the  southern  Great  Rift  Valley 
when  mid-lcvcl  easterly  flow  is  from  12  to  IX  knots. 


JUN  JUL  AUG  SEP 
r.m.8|6MM.3 


16*N  • 

JUN  JUL  AUG  SEP 

r: bl T'474  j  15 1 4. 2 


JUN  JUL  AUG  SEP 
TT&  fTT7ZyiT3 )  6  *3 

JUN  JUL  AUG  SEP 
0 . 9]4 . 3 | 6 . 5 | 2 . 8 

■feulf 


JUN  JUL  AUG  SEP 
O’.  7  1 0 . 4.J0  5"fm? 


Indian 

Ocean 


*  * 

46‘E  48fE 


Figure  4-10.  Mean  Southwest  Monsoon  Monthly  Precipitation,  Ethiopian  Highlands.  Isohyels 
represent  mean  seasonal  rainfall  totals  (inches). 


In  the  Great  Rift  Valley  and  ad  jacent  mountain  slopes, 
rain  occurring  on  90-105  days  per  Souihwesi  Monsoon 
season  is  not  uncommon.  In  lact,  Addis  Ababa  (at  7,624 
fee  1/2,324  meters)  reported  rain  every  da y  from  2  June 
1948  to  14  September  1948.  Few  reporting  stations, 
however,  get  more  than  4  inches  (102  mm)  in  a  24-hour 
period.  Even  2  inches  (51  mm)  from  individual  cells 
over  reporting  stations  is  rare,  mainly  because  the 
heaviest  convection  occurs  over  unpopulated  terrain 
above  10,000  feci  (3,050  meters)  MSL.  But  Buhar  Dar 


(at  6,037  feel/ 1, 850  meters)  on  the  soulh  end  of  l  ake 
Tana  and  just  north  of  the  Choke  Mountains,  once 
received  8  inches  (203  mm)  in  just  2  hours,  in  spile  of 
the  fact  lhal  it  is  not  in  a  true  windward  location. 

Addis  Ababa  records  15-20  thunderstorms  a  month 
during  the  Southwest  Monsoon,  with  peak  activity  in 
July  and  August.  Asmara  averages  19  thunderstorms  in 
July,  and  17  iri  August.  Most  thunderstorms  reach 
maximum  intensity  between  1500  and  1900  1ST,  hut 
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ridges  above  10,000  leci  (.3,050  meters)  have  a  greater 
frrqticncy  of  (WOO- l 300  LST  thunderstorms  because  the 
initial  convective  activity  develops  at  these  higher 
elevations  before  moving  downwind.  July  and  August 
are  also  the  primary  thunderstorm  months  in  the  central 
and  northern  Western  Highlands  as  strong  surface 
heating  and  deep  moisture  penetrations  (south  of  the 
Monsoon  Trough)  from  interior  equatorial  Africa 
consistently  invade  from  the  southwest.  Peak 
thunderstorm  days  in  the  southern  Western  Highlands 
(the  Scshia  Mountains)  arc  in  June  and  July.  As  a  result, 
the  Monsoon  Trough’s  migration  along  the  western 
periphery  ol  the  Ethiopian  Highlands  produces  a  similar 
migration  of  peak  thunderstorm  frequency  northward. 
Hail  occurs  on  6  days  during  the  Southwest  Monsoon, 
but  is  extremely  variable  in  size  and  duration. 


TEMPERATURE,  Typically,  mean  daily  maximum 
temperatures  (see  Figure  4-11)  are  lower  during  the 
Southwest  Monsoon  than  in  any  other  period  because  of 
the  heavy  convection  that  prevents  intense  surface 
heating.  Mean  daily  highs  range  from  69°F  (2l°C)  at 
Addis  Ababa,  where  rain  falls  nearly  every  day,  to  95°F 
(35°C)  at  Dire  Dawa,  located  on  the  leeward  (north) 
slopes  of  the  Ahrnar  Mountains  of  the  Eastern  Highlands. 
Record  highs  range  from  86°F  (3()°C)  at  Asmara  to 
I  I2°F  (44°C)  at  Burao,  both  recorded  in  June.  Elevation 
determines  diurnal  temperature  ranges;  normally,  there 
is  only  a  10  to  20°F  (1 1°C)  range  during  the  Southwest 
Monsoon.  Mean  daily  lows  range  front  49°F  (9°C)  at 
Addis  Ababa  to  68°F  (20°C)  at  Dire  Dawa.  Record  lows 
include  readings  of  36°F  (2°C)  at  Addis  Ababa  in  June 
and  5()°F  (l()°C)  at  Hargcisa  in  August. 


Figure  4-11.  Mean  Southwest  Monsoon  Daily  Maximum/Minimum  Temperatures  (°F>, 

Ethiopian  Highlands. 
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GENERAL  WEATHER.  Transition  weather  is 
characterized  by  a  gradual  lurge-scalc  wind  reversal.  The 
Monsoon  Trough’s  rapid  southward  migration  confines 
southerly  flow  and  moisture  to  the  Western  Highlands 
south  of  8°  N  during  October  and  early  November. 
However,  dry  easterlies  prevail  north  of  the  Monsoon 
Trough,  and  the  effects' -decreased  moisture  anil 
rainfall  -move  southward  with  the  Monsoon  Trough.  By 
the  end  of  the  transition  in  November,  fair  weather 
dominates,  with  isolated  showers  and  significant  cloud 
cover  found  only  in  the  southern  parts  of  ihe  Western  and 
Eastern  Highlands. 

The  Somali  Jet  rapidly  weakens  in  strength  by 
mid-October.  The  Monsoon  Trough-posit’oned  norlh  of 
the  Somali  Jet’s  southerly  flow-is  backed  by  deep  but 
weak  (4-  to  8-knol)  i.ortheasterlics  that  migrate  slowly 
southward  into  the  southern  Eastern  Highlands.  Dry 
conditions  and  fair  weather  dominate  by  early 
November.  The  only  significant  weather  occurs  when 


scattered  shower  activity  occurs  along  the  surface 
Monsoon  Trough’s  western  axis  (Indian  Ocean  segment) 
on  the  eastern  slopes  and  adjacent  Eastern  Highlands' 
plateaus.  The  Great  Rift  Valley  is  dominated  by  dry 
easterly  Row  at  all  levels.  Significant  weather  only 
occurs  in  the  extreme  southern  Great  Rift  Valley 
whenever  southerly  flow  temporarily  penetrates  to  7°  N. 
Orographic  uplift  produces  brief  afternoon  showers  over 
this  urea.  Clouds  arc  mostly  stratocumulus  and  cumulus. 

SKY  COVER.  Mean  cloudiness  (Figure  4-12) 
decreases  from  south  to  norlh  across  the  region  with 
reduced  southerly  flow  and  available  moisture.  The 
northern  parts  of  the  region  see  less  than  35%  mean 
cloud  cover  during  the  transition;  most  is  from  isolated 
convection  produced  by  diurnal  surface  healing.  Higher 
mean  cloudiness  percentages  in  the  south  arc  attributed 
to  the  effects  of  the  Somali  Jet  and  Monsoon  Trough  that 
may  persist  through  the  transition. 


Figure  4-12.  Mea  t  SW-NK  Monsoon  Transition  Cloudiness  Frequencies, 
Ethiopian  Highlands.  Isolines  arc  in  5%  intervals.  The  data  was  derived  by 
calculating  the  grand  mean  from  National  Intelligence  Summary  (NIS)  mean 
cloudiness  data  for  specific  sites  between  June  and  September. 
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The  mean  cloudiness  shown  in  Figure  4-12  ranges 
from  27%  at  Asmara  to  58%  al  Neghcllc.  Mid-aflemoon 
cumulus  and  cumulonimbus  are  the  main  cloud  lypes. 
Buses  averuge  4,<KK)  feet  (1,220  mclers)  AC.L,  Tops 
occasionally  roach  40,(XK)  feel  (12.2  km)  MSL  in  early 
October  along  the  Western  Highlands.  In  November, 
tops  seldom  reach  20, 000  feet  (6.1  km),  but  lowering 
cumulus  and  isolated  thunderstorms,  associated  with 
strong  mid-  and  upper-level  troughs,  may  occur  in  the 
Eritrean  Mountains;  lops  may  reach  35, (XX)  feet  (10.7 
km).  Most  clouds  dissipate  by  1 100  LST. 


Low  ceiling  frequencies  (Figure  4-13)  vary 
throughout  the  Ethiopian  Highlands.  Typically,  the 
highest  frequency  of  ceilings  below  3,000  leet  (915 
meters)  is  between  WOO  and  1500  LS  T  because  ol 
orographic  lift  and  surface  beating  along  the  windwurd 
slopes  of  the  Seshin,  Choke,  und  Mendcho  Mountains. 
Ceilings  bciow  5,(KX)  leet  1 1 52  meters)  due  to  thick 
stratus  formation  alter  sunrise  it?  Western  Highlands 
vulieys  arc  matt  common  betw  een  0600  and  0900  LST. 
High  mountain  peaks  and  their  adjacent  slopes  and 
valleys  sec  low  clouds,  or  arc  even  obscured,  every  day. 


Figure  4-13.  SW-NE  Monsoon  Transition  Frequencies  of  Ceilings  Below  3,000  Feet 
(915  meters),  Ethiopian  Highlands. 
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VISIBILITY.  Visibilities  in  the  Ethiopian  Highlands 
ate  greater  than  6  miles  more  than  95%  of  the  time 
during  the  transition,  they  are  below  3  ivies  less  than 
3%  of  die  time.  Figure  4-14  shows  the  frequency 


distribution  of  low  visibilities  across  the  Ethiopian 
Highlands.  Note  thul  remote  mountain  valleys  and 
ridges  may  sec  visibilities  near  zero  for  2-4  hours  during 
heavy  rains  or  early  morning  ground  fog. 


Figure  4-14.  SW-NE  Monsoon  Transition  Frequencies  of  Visibilities  Beiow  3  Miles, 
Ethiopian  Highlands. 


WINDS.  The  Monsoon  Trough  moves  rapidly 
southward  through  the  Ethiopian  Highlands  during  the 
transition,  preceded  by  light  and  variable  winds  and 
followed  by  drier  air  currents  from  the  northeast.  The 
northeaster  ios  affect  tne  northern  Ethiopian 
Highlands-thc  Cgo,  Ahmar,  and  Eritrean  Ranges-and 
northern  Great  Rift  Valley  sites  by  mid-October.  Weak 
southerly  (low  still  dominates  the  southern  Ethiopian 
Highlands  and  its  Choke,  Seshia,  and  Mendebo  Ranges. 

Mean  surface  wind  speeds  and  prevailing  directions 
(Figure  4-15)  show  prevuiiiog  easterly  flow  in  the 


Western  Highlands  (Addia  Ababa  Asmara).  Speeds 
average  7-11  knots.  At  night,  local  mountain  winds 
average  only  3-7  knots.  The  south  to  cast  prevailing 
winds  at  Dire  Dawa  and  southeast  to  east  winds  at 
Ncghclic  show  the  So.ti.di  Jet’s  inllucncc  in  October.  By 
!ate  November,  wind  direction  is  northeasterly.  At  Dire 
Dawa,  the  northerly  wind  component  represents  a 
localized  upsloping  daytime  circulation. 

Northeasterly  How  produces  local  orographic  uplift 
along  the  northern  Ogo  Highlands,  as  well  as  in  the 
Ahmar  and  eastern  Eritrean  Mountains.  Low-level 
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easterly  How  is  relatively  (try,  but  mid-  and  upper-level  eastern  .slopes  but  is  less  extensive  during  the  transition 

easterlies  accentuate  orographic  uplift  rmo  the  northern  occausc  of  the  relative  dryness  of  the  low-level 

hu<f  of  the  Ethiopian  Highlands.  Cumulus  development  northeaster! ics. 

through  orographic  uplift  now  occurs  on  the  north  and 
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Figure  4-15.  Mean  SW-NE  Monsoon  Transition  Wind  Speid  (kts)  and 
Prevailing  Direction,  Ethiopian  Highlands. 


PRECIPITATH)N.  October  rainfall  at  Aba  Segub  (in  significant  localized  Ctnf  of  Aden  moisture  ascends  the 

the  southern  Seshia  Mountains)  is  5.5  inches  (140  mm);  northern  Ogo/Ahrnar  and  eastern  Eritrean  Mountains. 

Negheliegets  3.3  inches  (84  n;m);  Gondar,  7.1  (53  mm).  Howevc>,  orographic  rainshowers  are  light  because  the 

The  other  stations  shown  in  Figure  4-16  get  1  inch  (f  l  large-scale  air  mass  is  extremely  dry.  Isolated 

mm)  or  less  in  October.  Moderate  to  heavy  precipitation  convective  activity  rarely  regenerates  into  massive  cloud 

rarely  occurs  below  10,000  feet  (3,050  meters),  be*,  clusters.  Often,  the  origimd  convecti'c  cell  dissipate., 

heavy  convection,  generated  by  moist  southerly  with  only  a  trace  or  0.01  inches  (0.025  mm)  of  rainfall 

low-level  flow  near  the  Monsoon  Trough,  builds  along  below  5,000  feet  (1,524  meters)  MSL.  From  0.25  to  0,50 

the  southern  Seshia,  Choke,  and  Mendebo  Mountains,  inches  (6-13  mm)  may  fall  along  higlici  ridge  crests. 

Convective  cells  move  slowl;  westward  with  light  .am 

showers  and  continuous  drizzle  spreading  downwind  in  November,  moist  southerly  How  along  the 
from  the  main  convective  cells.  Monsoon  T rough  penetrates  only  to  the  extreme  southern 

Mendebo  Seshia,  and  Choke  Mountains.  Normally,  the 
The  eastern  Eritrean  Mountains  and  northern  Trough  is  loo  far  south  for  widespread  heavy  convection 

Ahmar/Ogo  Ranges  see  orographic  showers  with  and  significant  ratnfali  to  persist  for  more  than  1 2  hours, 

northeasterly  flow.  Isolated  towering  cumulus  brings  November  rainfall  is  primarily  generated  by  diurnai 

light  showers  to  the  northern  Great  Rift  Vailcy.  but  the  convective  heating  and  isolated  orographic  uplift  of 

low  hvel  nortl-easlerlies  lack  the  moisture  to  form  localized  moisture  from  laker  and  marshlands.  Moderate 

massive  convective  cells.  Convective  cloudiness  and  showers  may  occur  above  10,000  feet  (3,050  meters),  but 

low-level  moisture  are  normally  confined  to  the  first  they  are  extremely  variable  in  duration  and  intensity, 

mountain  slopes  that  lift  the  flow.  By  November,  Light  rainshowers  and  drizzle  arc  common  downwind 

northeasterly  low-level  flow  penetrates  to  6°  N.  and  from  convective  activity. 
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Figure  4*16.  Mean  SW-NF  Monsoon  Transition  Monthly  Precipitation.  Ethiopian 
Highlands.  Isohyets  represent  mean  seasonal  rainfall  totals  (inches). 
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TEMPERATURE.  Mean  daily  highs  average  72-91°  F 
(22-33°C).  Record  highs  range  from  86°F  ul  Asmara  in 
October  to  I00°F  at  Neghelle,  also  in  October. 
Radiulion  cooling,  clear  skies,  and  low  mid-level  air 
temperatures  result  in  lower  mean  daily  minimum 
temperatures  ubove  7,000  feel/  2,134  meters  (Addis 


Ababa,  Asmara,  Combolcha)  than  at  4,000  lcct/1,220 
meters  (Burao,  Dire  Dawa).  Mean  duily  lows  average 
43-63°F  (6-l7°C)  with  record  lows  of  29  F°(-2°C)  at 
Addis  Ababa  and  46°F  (8°C)  at  Dire  Dawa,  both  in 
November. 
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GENERAL  WEATHER.  Northcusl  Monsoon 
circulation  dominates  most  or  the  region  during  fair 
weather,  but  the  Western  Highlands  and  its  complex 
terrain  crcutc  a  unique  low-level  transition  zone  for 
African  and  Asian  How.  These  two  low-level 
circulations-the  Northeast  Monsoon  and  Sahara  Desert 
westerly  flow-converge  in  the  southern  Red  Sea.  The 
Western  Highlands  force  the  recurvalure  of  low-level 
westerlies  around  the  northern  tip  of  the  Eritrean 
Mountains.  The  Red  Sea  Convergence  Zone 
(RSCZ)-scc  Chapter  2-rcprescnts  the  low-level 
transition  zone. 

When  cyclonic  activity  and  disturbed  weather 
migrates  eastward  across  the  northern  Ethiopian 
Highlands,  low-level  westerlies  temporarily  override 
Northeast  Monsoon  flow  in  the  northern  Great  Rift 
Valley  and  Eastern  Highlands.  Mid-level  flow  funnels 
southward  through  the  northern  Great  Rift  Valley. 
Normally,  the  low-level  Northeast  Monsoon  flow 
extends  westward  to  the  western  edge  of  the  Great  Rift 
Valley  in  fair  weather.  However,  a  frontal  passage  may 


temporarily  reverse  the  flow  for  4-12  hours, 
Wesl-northwcstcrlies  may  touch  the  custom  Ogo 
Highlands  before  the  Northeast  Monstxm  regains  its 
momentum  and  reverses  low-level  How. 

At  the  upper  levels,  the  Subtropical  Ridge  is  oriented 
WSW-ENE  above  the  region  during  the  Northeast 
Monsoon.  This  splits  upper-level  circulation  into 
westerly  and  easterly  branches.  The  southernmost  extent 
of  westerly  upper-level  flow  ulfccis  the  northern 
two-thirds  of  the  Western  Highlands  and  Groat  Rill. 
Valley,  as  well  as  the  extreme  west  edge  of  the  Eastern 
Highlands,  between  mid-January  and  late  February.  By 
March,  only  the  extreme  northern  tip  of  the  Western 
Highlands  arc  affected  by  westerly  upper-level  How 
because  the  Subtropical  Ridge  has  migrated  to  15°  N. 
Sec  the  mean  monthly  200-mb  flow  patterns  in  Chapter  2 
to  understand  the  Subtropical  Ridge’s  seasonal 
oscillution  path  over  the  region.  A  three-level  wind 
direction  profile  at  Addis  Ababa  (Figure  4  18)  illustrates 
the  upper-level  wind  shift  over  the  Ethiopian  Highlands 
between  mid-January  and  lute  February. 


Addis  Ababa  3-level  direction 


Figure  4-18.  Mean  Annual  Wind  Direction,  Addis  Ababa,  Ethiopia.  Note  the  consistent 
mid-level  easterly  flow  during  the  Northeast  Monsoon,  as  well  as  the  mean  upper-level 
(30,(X)0-foo!/9,l46  meter)  westerly  How  during  mid-January  through  late  February. 
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SKV  COVER.  Orographic  uplift  and  diurnal  surface 
healing  produce  nearly  all  daytime  low-und  mid-level 
cloud  cover.  The  southern  Great  Rift  Valley  sees  the 
most  (laytime  cloud  cover,  but  low  clouds  (scattered 
cumulus  and  strutocumulus)  uveruge  6, (XX)  to  8, (XX)  feet 
(1,829-2,439  meters)  AGL  and  cover  only  2-3/8lhs, 
Evening  sees  strutus  and  simlocumulus  forming  as  strong 
radiative  cooling  produces  shallow  temperature  and 
moisture  inversions;  bases  average  4,000-6, (XX)  feet 
(1.220-1,829  meters)  AGL  Most  nocturnal  cloud  cover 
is  thin,  except  for  occasional  thick  ground  fog  that 
develops  near  large  lakes.  The  numerous  water  bodies  in 
the  southern  Great  Rift  Valley  often  produce  fog  or  very 
low  stratus  in  the  early  morning  because  the  water 
temperature  is  often  I0-I5°F  (4-6°C)  warmer  than  the 
land. 

Figure  4-19  shows  mean  Northeast  Monsoon 
cloudiness  across  the  Ethiopian  Highlands.  Typically, 


orographic  uplift  only  occurs  along  the  Western/Eustern 
Highlands’  north-  and  east-lacing  slopes,  which  are 
pcrpendlculoi  U)  the  prevailing  tlow  and  produce  me 
greatest  uplift,  Extensive  cumulus  development  is 
limited  to  ridge  crests  above  10, (XX)  feu  (3,050  meters) 
MSL  in  the  Ahmttr  Mountains  near  Dire  Dawu  and 
eastern  Eritrean  Mountains  between  Combolchu  and 
Addis  Ababa.  Thin  cirrus  is  also  common. 

When  the  rare  cyclonic  storm  extends  a  weak  cold 
front  into  the  southern  Red  Sea  and  Gulf  of  Aden, 
westerly  How  produces  strong  orographic  uplift  ugairixi 
the  western  Eritrean  Mountains  between  Asmara  and 
Gondur.  However,  most  of  Asmara’s  scant  Northeast 
Monsoon  cloud  cover  und  precipitation  occurs  dlh 
low -level  convergence  along  the  Red  Sea  Convergence 
Zone  (RSCZ)-sec  Chapter  2- -rather  than  front  weak 
frontal  passages. 


Figure  4-19.  Mean  Northeast  Monsoon  Cloudiness  Frequencies,  Ethiopian  Highlands. 

Isolines  are  in  5%  intervals.  The  data  is  derived  by  calculating  the  grand  mean  from 
National  Intelligence  Summary  (NIS)  mean  cloudiness  data  for  specific  hours  between 
December  and  March. 
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Ceilings  al  or  below  3, (XX)  feel  (913  meters)  ACiL 
average  less  than  25%  (see  Figure  4-20).  Note  that 
several  stations  (Hargeisa,  Dire  Dawu,  and  Ncghcllc)  do 
not  report  03(X)  LST  celling  data.  Hargeisa 's  24%  low 
ceiling  frequency  (Figure  4-20)  at  (HXX)  LST  is  mostly 
stratus  and  stratocumulus  that  dissipate  by  ll(X)  LST. 
Ceiling  frequencies  at  or  below  1.000  feet  (305  meters) 


ACiL.  arc  only  1-5%,  and  occur  most  frequently  in  the 
morning.  Typically,  ceilings  a*  or  below  3,(XK)  lcol/9 1 5 
meters  AOL  occur  at  mid-morning  (<)9(X)  LST)  in  the 
southern  Ethiopian  Highlands  and  at  night  in  the  northern 
Erilreun/Greal  Rift  Valley.  Al  Dire  Dawu,  low  ceiling 
frequencies  arc  higher  in  afternoon  and  early  evening 
than  at  night  because  of  uplift  in  the  Ahnucr  Mountains. 


Figure  4-20.  Northeast  Monsoon  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Ethiopian  Highlands. 


VISIBILITY.  As  shown  in  Figure  4-21,  visibilities 
below  3  miles  arc  very  rare  during  the  Northeast 
Monscon.  Radiation  fog  (from  0300  to  0800  LST)  is  the 
primary  cause  of  low  visibilities  in  high  mountain 
valleys  above  10,000  feet  (3,050  meters). 


Dus  t/sand. storms  may  limit  visibilities  in  the  lower 
elevations  (below  5,000  fcct/1,524  meters)  as  high  winds 
lift  the  drier  soil.  Local  visibilities  below  3  miles  occur 
in  the  Western  Highlands  with  most  frontal  passages, 
regardless  of  strength. 


ETHIOPIAN  HIGHLANDS 

NORTHEAST  MONSOON 


D*c«mb«r*March 


Figure  4-21.  Northeast  Monsoon  Frequencies  of  Visibilities  Below  3  Miles,  Ethiopian 
Highlands. 


WINDS.  Prevailing  wind  directions  and  speeds  shown 
in  Figure  4-22  vary  significantly  because  of  the  complex 
topography  in  the  Ethiopian  Highlands.  Low-level 
convergence  between  Northeast  Monsoon  and  Sahara 
Desert  flow  occurs  in  the  southern  Red  Sea  north  of  the 
region.  It  also  affects  the  Eritrean  Mountains’  northern 
lip,  near  Asmara.  East  of  Asmara,  wind  shifts  aic  often 
dramatic.  East-southeasterly  (low  at  8-11  knots  during 
fair  weather  shifts  to  northwesterly  (5-10  knots)  with 
frontal  passages.  By  March,  west  southwesterly  flow 
affects  Asmara  regularly.  The  rugged  western  interior  of 
the  Eritrean,  Choke,  and  Scshia  Mountain  Ranges  have 
complex  mid-  and  upper-level  flow  patterns.  These  arc 


the  only  places  in  the  Ethiopian  Highlands  where  mid- 
and  upper-level  conditions  deviate  from  easterly  flow. 

Through  February,  weak  upper-level  westerlies  at 
10-15  knots  may  migrate  southward  to  7-8°  N  and 
penetrate  to  the  western  edges  of  the  Great  Rift  Valley. 
Fair-weather  mid  level  flow  is  easterly  at  10-15  knoLs. 
When  upper-level  troughs  move  over  the  interior 
Western  Highlands,  weak  west-south  westerlies  and 
orographic  uplift  arc  temporarily  established  at  the 
mid-levels,  but  easterly  flow  is  reestablished  alter  the 
trough  passes, 
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Figure  4-23.  (Generalized  Low-Level  Flow  Across  the  Kastern  Highlands  (shaded)  During  the 
Northeast  Monsoon. 
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The  dry  current  shown  in  Figure  4-23  /lows  along  the 
southern  Eastern  Highland  slopes  of  the  Ogo,  Ahmar, 
and  Mendebo  Ranges  and  the  pluleaus  of  southeastern 
Ethiopia.  The  moist  current  advccts  west-southwestward 
along  the  northern  Ogo  and  Ahmar  Ranges  in  the 
northern  Eastern  Highlands,  then  recurves  southward  into 
the  northern  and  central  Great  Rift  Valley  as  far  as  Addis 
Ababa.  During  fair  weather,  Northeast  Monsoon  flow 
crosses  the  entire  northern  Great  Rift  Valley  and  ascends 
the  eastern  Eritrean  Mountains  between  12°  and  14°  N. 
To  the  north  and  west  of  the  eastern  Eritrean  Ranges, 
northcaslcrlics  recurve  northward  into  the  southern  Red 
Sea.  It  is  rare  for  low-level  Northeast  Monsoon  flow  to 
penetrate  the  rugged  Western  Highlands  interior.  The 
Western  Highlands  arc  a  transition  zone  for  airflow 
below  5,000  feet  (1,524  meters)  MSL.  The  eastern 


Eritrean  Mountains  between  Asmara  and  Addis  Ababa 
block  low-level  northeasterly  llow  from  entering  the 
Seshia,  Choke  and  interior  Eritrean  Ranges  As  a  result, 
a  Northeast  Monsoon/Sahara  dcscrVMcditcrranean  Sea 
low-level  airflow  boundary  is  established  along  these 
ranges.  In  the  western  and  interior  Western  Highlands, 
Mediterranean  low-level  llow,  modified  by  the  desert, 
can  dominate  the  Northeast  Monsoon.  Light  westerlies 
at  the  surface,  10-  to  15-knot  easterlies  between  8,000 
and  20, (XX)  feet  (2,439-6,097  meters)  MSL,  and 
westerlies  (15-20  knots)  above  3(),(XK)  feet  (9,146 
meters)  MSL  arc  common  in  the  Western  Highlands 
when  the  Subtropical  Ridge  is  south  of  12°  N.  Figure 
4-24  shows  mean  low-level  (850  mb)  Northeast 
Monsoon  flow  across  the  Western  Highlands. 


Figure  4-24.  Generalized  Low-level  Flow  Across  the  Western  Highlands  (shaded)  During  the 
Northeast  Monsoon. 
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Mean  mid-  and  upper-level  wind  speeds  average 
10-20  knots.  The  Subtropical  Ridge  is  oriented 
WSW-ENE  across  the  region  during  the  Northeast 
Monsoon.  North  of  the  Ridge  axis,  westerlies  (at  15-20 
knots)  reach  Addis  Ababa  by  late  February.  To  the  south 
of  the  Ridge,  easterlies  (at  10-15  knots)  dominate 
upper- level  flow.  By  March,  the  Subtropical  Ridge 
migrates  northward,  Only  the  extreme  northern  lip  of  the 
Western  Highlands  is  influenced  by  upper-level  westerly 
flow. 


PRECIPITATION.  December  is  the  driest  month  of 
the  year  in  the  Ethiopian  Highlands,  but  northeasterly 
flow  produces  some  localized  convection  along  the 
Eastern  Highlands  and  northern  Great  Rift  Valley.  As 
shown  in  Figure  4-25,  mean  precipitation  increases  are 
most  dramatic  in  the  Great  Rift  Valley  as  broad-scalc 
Northeast  Monsoon  flow  becomes  well-established  in  the 
western  Gulf  of  Aden  between  January  and  early  March 


Figure  4-25.  Mean  Northeast  Monsoon  Montnly  Precipitation,  Ethiopian  Highlands.  Isohycls 
represent  mean  seasonal  rainfall  totals  (inches). 


Mid-level  easterlies  increase  orographic  uplift  over 
the  Eastern  Highlands  and  eastern  Eritrean  Mountains  at 
the  lower  levels.  In  the  extreme  southern  Ethiopian 
Highlands,  mean  March  rainfall  is  greatest  as  abundant 
equatorial  moisture  begins  to  surge  northward  with  the 
Monsoon  Trough  and  Somali  Jet  Stream.  The  heaviest 
rainfall  is  normally  confined  to  the  north- facing  ridge 
crests  of  die  Ogo  Highlands  and  Ahmai  Mountains,  out 
rainshowers  and  drizzle  can  spread  westward  with  the 


cauerly  mid-level  How  along  the  northern  Ogo 
Highlands  and  Alimar  Mountains  into  the  northern  Great 
Rift  Valley.  Normally,  precipitation  in  the  Western 
Highlands  only  occurs  when  weak  cyclonic  activity 
moves  southeastward  across  the  Sahara  Desert  or  when 
low-level  northeaslerlics  reach  the  northeastern  Eritrean 
Mountains.  These  Iron  ail  passages  alfcd  Asmara  most 
often,  hut  they  produce  little  rainfall  beyond  W°  P  -the 
eastern  edge  of  the  Western  Highlands.  Approaching 
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troughs  normally  intensify  low-level  easterly  flow  and  northwest  during  the  Northeast  Monsoon.  Although 
moisture  into  the  western  Great  Rift  Valley.  Figures  enough  snow  occurs  io  produce  shallow  snow  depths,  the 
4-2(Vu  and  b  show  a  trough  approaching  Asmara  from  the  snow  line  is  above  1 2,000  feel  (?,6.W  meters)  MSL. 
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Figure  4-26b.  700-mb  Analysis,  19  December  1979,  (O0OOZ/O3OO 
LST).  Ai  0300  LST,  the  trough  line  extends  to  120  NM  WNW  of 
Gondar,  Ethiopia. 


TEMPERATURE.  Although  Ethiopian  Highland 
temperatures  arc  very  high  during  the  Northeast 
Monsoon,  they  decrease  3-4°F  (2°C)  for  every 
1, 000-loot  (305  meter)  increase  in  clcvation--sec  Figure 
4-27.  Mean  daily  highs  range  from  71°F  (22°C)  at 
Asmara  in  December  to  90°F  (33°C)  at  Dire  Dawa  in 
March.  Above  10, 000  feel  (3,050  meters),  mean  daily 
highs  are  at  or  below  70°F  (2I°C).  Elevations  between 
3,280-6,560  feel  ( 1 ,000-2, (XX)  meters)  arc  consistently  in 
the  80-89°F  (27-3 1°C)  range.  Record  highs  range  from 


8f»°F  (30°C)  at  Addis  Ababa  in  February  to  l(K)°F 
(38°C)  at  Dire  Dawa  in  March.  The  highest  diurnal 
temperature  range  found  in  the  Northeast  Monsoon 
(40°F  (22°C)  is  at  Aba  Segub.  Mean  daily  lows  range 
from  40°F  (4°C)  at  Aba  Segub  to  64 °F  (I8°C)  at  Dire 
Dawa.  Lowest  temperatures  arc  in  January.  The  27°F 
(-3°C)  reading  at  Addis  Ababa  and  the  41  °F  (5°C)  at 
Dire  Dawa  are  the  record  lows  in  the  Western/Eastern 
Highlands. 
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Figure  4-27.  Mean  Northeast  Monsoon  Daily  Maximum/Minimum 
Temperatures  (°F),  Ethiopian  Highlands. 
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GENERAL  WEATHER.  The  iransilion  from  the 
Noithcasl  to  the  Southwest  Monsoon  is  a  2-monih 
period  during  which  northeasterly  flow  diminishes  in  the 
northern  Ethiopian  Highlands  and  moist,  southerly  flow 
patterns  reappear  in  the  southern  Scshia  and  Mcndcbo 
Mountains. 

The  surface  Monsoon  Trough  and  Somali  lcl  Streum 
oscillate  northward--with  a  continuous  How  of  tropical 
moisture-tnto  the  southern  Ethiopian  Highlands  by  early 
April.  The  Monsoon  Trough  supplies  southerly  flow  and 
abundant  moisture  to  the  Scshia  and  southern  Choke 
Mountains,  while  the  Somali  Jet  Stream  brings  southerly 
flow  and  moisture  into  the  Eastern  Highlands’  Mcndcbo 
Mountains.  The  northern  Great  Rift  Valley  is  usually 
sheltered  from  southerly  llow  until  late  May  because  the 
Monsoon  Trough  and  low-level  moisture  remains  south 
of  8°  N. 

The  Monsoon  Trough  and  Somali  Jet  transport 
moisture  in  uneven  3-7  day  "bursts".  By  early  April, 
these  bursts  affect  the  southern  Eritrean  Mountains,  the 


central  Great  Rift  Valley,  and  the  Ogo  Highlands.  Weak 
Northeast  Monsoon  conditions  continue  prior  to  the 
arrival  of  the  Monsoon  Trough  and  Somali  Jet  in  the 
north.  Typically,  the  onset  of  persistent  southerly  flow  is 
preceded  by  a  I  -  to  3-week  period  of  light  and  variable 
winds  mixed  with  short  ( I  -6  houi )  bursts  of  strong  ( 10-to 
15-knot)  southerly  Pow.  Southerly  llow  eventually 
persists. 

SKY  COVER,  Cumulus  and  convective  cloud  clusters 
form  ever  the  Ethiopian  Highlands  due  to  the  orographic- 
lifting  of  the  moist  southerly  flow.  The  Scshia  range  in 
the  Western  Highlands  and  the  Mcndcbo  Mountains  in 
the  Eastern  Highlands  are  initially  affected.  As  shown  ir: 
Figure  4-28,  areas  affected  by  southerly  llow  and 
equatorial  moisture  throughout  the  transition  show  high 
(greater  than  55%)  mean  cloudiness  frequencies.  The 
steep  south- to-north  gradient  in  mean  cloudiness  (63%  at 
Ncghcllc,  34%  at  Asmara)  illustrates  the  slow  northward 
migration  of  Monsoon  Trough  moisture  through  the 
Ethiopian  Highlands. 


Figure  4-28.  Mean  NE-SW  Monsoon  T  ransition  Cloudiness  Frequencies, 
Ethiopian  Highlands.  Isolincs  arc  in  5%  intervals.  The  data  is  derived  by 
calculating  the  grand  mean  from  National  Intelligence  Summary  (NIS)  mean 
cloudiness  data  for  specific  sites  during  April  and  May. 
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Sky  condi  ton  during  (he  transition  deteriorates  from 
nortlt  to  south.  Trr.,)!cal  moisture  influx  to  the  Eunorn 
Highlands  is  cuuscd  by  the  Soinyii  Jet.  L.ow-lcvcl  How 
splits  ulong  the  Merdebo  Mountains  into  tv*’  branches. 
A  westward  branch  of  Somali  Jet  IV.v  passer  through  the 
Turkaua  Channel  and  along  the  siep  ts  uf  the 

MemJrho  ivbninlcinr  Main  Sontiui  Jet  Dow  slides 
north  want  along  the  , souther, 'tern  slopes  of  d  c  MenJebo 
and  Ahn.ar  Mountains.  Orogruphic  uplift  occurs 
frequently  a  these  mountainous  areas,  but  heavy 
orographic  convection  dissipttrs  inui  a'ocumulus  and 
altostratus  when  individual  ceil  movement  is  to  toe  east 
or  noLhcasl,  Southern  and  eastern  slopes  of  the 
Mi'iulcbo  n:d  Ahmur  Mountains  average  4-5/8lhs  sky 
cover  at  all  hours  because  the  Somali  Jet  is  stronger  at 
night.  Cum  ilits,  lowering  cumulus,  and  cumulonimbus 
predominate.  Liases  are  3,(XHM,(XK)  feet  (915-1,220 
meters)  AGL;  tops,  Hr, (XX)  feet  (3,050  meters).  The  Jet 
is  the  sole  source  of  ascending  air  that  converges  with 
mountain  brce.  os  at  night,  while  ciurnal  mountain  slope 
heating  assists  :ne  weaker  Jet  during  (ne  day. 

Flavt  ol  the  Ahmur  Mountain:!,  Somali  Jet  flow  is 
nearly  parallel  lo  the  southern  Ogo  Highlands,  and  much 
drier.  Cumulus  sky  cover  averages  2-3/Xlhs  in  May,  but 
in  early  April,  the  Northeast  Monsoon  (low-level 
northeasterly  How)  still  a, ''eels  the  Ogo  Highlands’ 
northern  s'opcs.  As  a  result,  nongraphic  up'.Ti  in  May 
reverses  along  the  Ogo  Highlands  from  the  northern  to 
the  MiiKhem  slopes.  Similar  cloud  cover  distributions 
affect  tile  Ahmar  Mountains.  These  clouds  form  a1  about 
5, (XX)  lee;  (1 .524  meters)  AGL 

h  the  Western  Highlands,  some  Turkana  Channel 
flow  reaches  the  southeastern  Seshia  Mountains  and 
extreme  southern  Great  Rift  Valley  The  Monsixw 
Trough,  however,  induces  most  orographic  uplift.  In 
early  April,  moist  but  shallow  low  level  southerly  flow 
consistently  penetrates  the  sinuous  Otno  River  Valley  in 
the  Seshia  Mountains.  Heavy  convec  tion  builds  through 
late  morning.  Sky  cover  is  consistently  5-7/8ths, 
decreasing  lo  4-5/Hlhs  overnight 


In  April,  ini.  ail  convective  cloud  cluster.;  dial  develop 
between  06(H)  and  (XXX)  LST  have  bases  between  I, (XX) 
and  4, iKX)  feet  (3(?5  and  1,220  meters)  AGL,  with  lops  to 
30,(KX‘  feet  (9,145  meters)  MSL,.  By  midday,  most 
convective  clusters  dissipate  as  orographi  •  uplift 
squeezes  oe'  moiMme.  By  mid-allenioon,  extensive  fair 
weather  cumulus  w  ith  lops  to  If  (XX)  feet  (4, 573  meters) 
.  covers  the  Sesht;'  and  southern  Chowe/fc'riSrean 
Mi /r  etains. 

iJy  May,  the  Mon.vXin  Trough  migrates  northward 
along  ‘he  Western  Highlands  to  12-15°  N  and  establishes 
a  deeper  moisture  layer  into  f.ie  Western  Highlands; 
heavy  convective  cloudiness  begins  lo  enter  the  southern 
Great  Rift  Valley  and  north-central  Eritrean  Mountains 
The  new  Trough  |nuilion  increases  low-level  moisture 
penetration  inlo  the  souincm  Great  Rift  Valley  as  well  as 
into  the  Blue  Nile  Valley  of  the  Choke  and  central 
Eritrean  Mountains.  Widespread  convection  continues  to 
develop  through  midday  in  the  Seshia  Mountains,  Iml 
oow  the  Choke  and  southern  Eritrean  Mountains  also 
develop  heavy  convection  between  06(X)  and  ()‘XX)  LST, 
Cloud  bases  run  from  4, (XX)  to  6,(X)0  feel  ( 1 ,220  to  I  ,<S29 
meters)  AGL:  tops  may  exceed  20,000  led  (0,097 
meters) 

T  he  mean  frequency  of  ceilings  below  3.0(H)  feel/')  !5 
meters  AGL  (as  shown  in  Figure  4-29)  is  791  for  the 
entire  Ethiopian  Highland!'..  Higher  frequencies  occur  at 
Negftcilc,  as  well  as  at  other  Ethiopian  Highlands 
loca'ions  south  of  X°  N.  Normally,  peak  low  ceiling 
frequencies  at  0900  LST  indicate  lhai  a  sustained 
low-level  flow  mechanism  is  helping  to  sustain  heavy 
convection,  A  low  ceiling  frequency  peak  at  1500  LST, 
on  the  other  hand,  implies  a  diurnal  heating  mechanism, 
Asmara,  Dire  Dawa,  and  Addis  Ababa  see  more  radiation 
ground  fog  than  olher  locations  because  local  terrain 
pr»  duces  a  high  number  of  nocturnal  inversions  will) 
calm  and  stable  conditions. 
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Figure  4-2V.  NR-SW  Monsoon  Transition  Frequencies  of  Ceilings  Below  3,000  Feet 
(915  meters),  Ethiopian  Highlands. 


VISIBILITY.  Ground  fog  is  the  main  cause  of  low  to  occur.  In  the  central  and  southern  Great  Rift  Valley, 

visibilities  recorded  during  the  transition.  The  overall  the  warm  valley  floor  combines  with  weak,  moist 

frequency  of  visibilities  below  3  miles  is  low,  as  shown  southerly  flow  to  produce  a  moist,  3-knot  upslopc  wind 

in  Figure  4-30.  Radiation  fog  appears  in  the  Great  Rift  during  undisturbed  weather  conditions.  The  moist 

Valley  with  calm  conditions  during  the  night  and  early  upslopc  flow  condenses  in  cooler  air  to  produce 

morning  hours.  In  the  northern  Great  Rift  Valley,  light  mid-afternoon  fog  or  mist  during  April  and  early  May, 

northeasterly  winds  allow  nocturnal  radiation  inversions 
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Figure  4-30.  NK-SW  Monsoon  Transition  Frequencies  of  Visibilities  Below  3  Miles, 
Ethiopian  Highlands. 


WINDS.  Sudden  low-level  wind  shifts  occur  in  the 
Eastern  Highlands  as  the  Somali  Jet  surges 
spontaneously  into  the  region.  Figure  4-31  shows  that 
April-May  wind  shift  phenomenon  at  Neghelle  and  Dire 
Dawa.  Prevailing  wind  direction  at  Addis  Ababa  reflects 
its  location  on  the  eastern  edge  of  the  Western  Highlands 
where  it  is  sheltered  from  the  Somali  Jet  and  Monsoon 


Trough.  Surface  flow  at  Addis  Ababa  is  dominated  by 
prevailing  flow  in  the  central  Great  Rill  Valley. 
Prevailing  surface  winds  reflect  the  sustained  Northeast 
Monsoon  circulation  through  May.  Northeasterly  How 
channels  through  the  Gulf  of  Adcn--ovcr  open 
walcr-inlo  the  area  before  the  surface  Monsoon  Trough 
reaches  this  far  north. 
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Figure  4-91.  Mean  NE-SW  Monsoon  Transition  Wind  Speed  (kts)  and 
Prevailing  Direction,  Ethiopian  Highlands. 


Because  mean  surface  flow  during  the  transition  is  so 
complicated,  it  is  best  described  in  three  categories:  (1) 
Northeast  Monsoon  circulation  that  affects  the  northern 
Ogo  Highlands,  the  northern  and  central  Great  Rift 
Valley,  and  the  eastern  Eritrean  Mountains;  (2)  the 
Transition  Zone- a  narrow  east-lo  west  band  of  light  and 
variable  winds  that  represent  the  surface  Monsoon 
Trough  and  boundary  between  the  Northcast/Soulhwcsl 
Monsoons;  and  (3)  the  Southwest  Monsoon,  which 
accounts  for  all  southerly  flow  and  which  migrates 
northward  along  the  Eastern  Highlands  much  faster  than 
the  Western  Highlands. 

Northeast  Monsoon  Flow.  Although  the  Asiatic 
High  (sec  Chapter  2)  is  no  longer  producing  low-level 
northeasterly  flow  across  the  Arabian  Sea,  the  final  flow 
surge  in  Northeast  Monsoon  flow  enters  the  Gulf  of 
Aden  in  late  April  or  early  May.  Low-level  Northeast 
Monsoon  flow  passes  westward  across  the  northern  Ogo 
Highlands  and  into  the  northern  half  of  the  Great  Rift 
Valley.  After  a  final  northeasterly  surge,  winds  become 
light  and  variable  on  both  sides  of  the  Ogo  Highlands 
and  Ahmar  Mountains. 

Transition  Zone  Flow,  The  transition  zone  between 
northeast  and  southwest  flow  is  an  east-io-wcsi  bell  of 
light  easterly  to  southeasterly  flow  at  4-7  knots.  This 
wind  shift  zone  marks  the  surface  Monsoon  Trough 
along  the  Ethiopian  Highlands’  periphery,  but  the  surface 
trough  is  often  ill-defined.  Tlie  zone  does  not  exist 
above  5  (XX)  feel  (1,524  meters)  MSL  because  of  terrain 
in  the  Highlands.  The  surface  Monsoon  Trough  ami 
wind  shift  zone  migrates  rapidly  northward  (from 


Neghclle  in  mid-April  to  Burao  in  early  May)  along  the 
Eastern  Highlands  as  the  Somali  Jet  produces  a  synoptic 
scale  burst  of  southerly  flow.  The  light  and  variable 
wind  belt  affects  Eastern  Highland  plateau  locations  for 
less  than  a  2 -week  period  during  each  transition.  The 
wind  shift  zone  along  the  Western  Highlands  has  no 
cross  equatorial  jet  streams  to  concentrate  southerly  flow; 
as  a  result,  surface  Monsoon  Trough  axis  movement  to 
the  north  is  a  gradual  broad-scale  event.  L  ight  and 
variable  winds  may  persist  over  a  Western  Highland 
plateau  location  for  2-4  weeks  before  southerly  flow  is 
sustained. 

Southwest  Monsoon  flow  along  the  southern  Eastern 
Highlands  (10-20  knots)  and  the  southern  Western 
Highlands  (7-10  knots)  is  separated  by  rugged  terrain 
Although  the  transition  begins  in  the  south,  the 
Southwest  Monsoon  docs  not  affect  the  entire  Ethiopian 
Highlands  until  late  May.  When  synoptic  scale  southerly 
flow  is  sustained,  there  is  an  immediate  increase  in 
relative  humidity,  cloud  cover,  and  rainfall,  a  signal  that 
the  transition  from  the  Northeast  to  the  Southwest 
Monsoon  is  complete. 

PRECIPITATION.  Rc'crrcd  to  locally  as  "Belgh"  (or 
"small  rains")  the  NE-SW  Monsoon  Transition  sees 
precipitation  becoming  a  daily  occurrence  with  the 
soulh-to-norlh  oscillations  in  the  Monsoon  Trough  and 
influx  of  moist  southerly  (low.  Figure  4-32  shows  mean 
April  and  May  rainfall  across  the  Ethiopian  Highlands 
Note  the  large  2-monlh  rainfalls  (greater  than  1 9.2 
inehcs/488  mm)  across  the  Mcndebo.  Scshia,  and 
southern  Choke  Mountains. 
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Figure  4-32.  Mean  NF.-SW  Monsoon  Transition  Monthly  Precipitation, 
Fthiopian  Highlands.  Isohyels  represent  mean  seasonal  rainfall  totals  (inches). 


Precipitation  begins  south  of  the  Trough  axis  along 
the  region’s  southern  fringes  in  early  April.  In  extreme 
cases,  Neghcllc  and  Aba  Scgub  see  heavy  rainfall  even 
sooner  when  the  Monsoon  Trough  moves  temporarily 
north  from  its  mean  late  March-early  April  position. 
However,  statistics  show  that  April  is  the  "true" 
beginning  of  the  transition  from  the  NE  to  SW  Monsoon. 
By  late  April,  the  southern  part  of  the  region  secs  daily 
periods  of  moderate  to  heavy  rainfall  from  heavy 
convection  that  originates  on  the  southern  slopes  of  the 
Mcndcbo  and  Scshia  Mountains.  In  May,  orographic 
uplift  fires  convection  on  the  Choke  and  southern  Ahmar 
Mountains  with  the  northward  surge  of  low-level 
moisture  behind  the  Monsoon  Trough  and  Somali  Jet, 
respectively.  Lower  mean  precipitation  at  Asmara 


indicates  that  the  Monsoon  Trough  is  not  consistently 
north  of  that  city  during  the  transition.  In  fact,  cyclonic 
activity  provides  most  transition  rainfall.  In  the  northern 
Great  Rift  Valley  at  Gombolcha  and  Dire  Dawa,  mean 
transition  rainfall  actually  decreases  from  April  to  May 
as  northeasterly  flow  weakens  through  the  period  and 
terrain  prevents  moist  southerly  flow  from  reaching  those 
areas. 

Thunderstorms  are  frequent  in  the  Mcndcbo  and 
Seshia  Mountains,  occurring  on  6-8  days  a  month  during 
the  transition.  Maximum  frequency  is  between  (MM I 
and  09(X)  LST.  Haii  is  rare  in  the  southern  Ethiopian 
Highlands,  but  lightning  and  thunder  arc  reported 
frequently. 
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TKMPKRATIJRK.  Mcun  daily  highs  (sec  Figure  4-33) 
range  from  76°F  (24°C)  at  Ncghd'c  lo  93°F  (34°C)  at 
Dire  Dawn.  Pccord  highs  across  the  region  include  an 
H6°F  i.W^C)  reading  at  Asmara  in  May)  and  a  I(I2°F 
(.W°C)  at  Dire  Dana,  also  in  May.  Most  absolute  highs 
occur  prior  lo  the  onset  of  moist  southerly  How,  but 
northern  Great  Ril't  Valley  locations  reach  their 
maximum  temperatures  of  the  year  in  May  when  winds 


are  light  and  sunshine  is  intense.  The  lower  mean  daily 
highs  in  the  southern  Ethiopian  Highlands  are  the  result 
of  moist  southerly  flow  that  increases  cloud  cover  and 
rainfall.  Mean  daily  lows  range  from  41>°F  CJ°C>  at 
Add's  Ababa  to  A8°F  (20°C)  at  Dire  Dawa.  Absolute 
lows  range  from  3b°F  (2°C)  at  Addis  Ababa  in  May  to 
50°F  ( l()0C)  at  Ncghcllc,  also  in  May. 


Figure  4-33.  Mean  NF'-SW  Monsoon  Transition  Daily  Maximum/Minimum 
Temperatures  (°F),  Fthiopian  Highlands. 
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Chapter  5 

ADEN  COASTAL  FRINGE 

The  "Aden  Coastal  Fringe"  includes  coastal  portions  of  Somalia  (SI),  Djibouti  (DJ),  Yemen  Aden  (AD)  and  all  of 

Socotra  Island  (AD).  Alter  describing  the  area’s  situation  and  relief,  this  chapter  discusses  typical  weather 

conditions  by  season.  Seasons  hce  have  local  names  ("Hagai,"  "Dcr,"  "Gilal,"  and  "Gu"),  as  shown.  Note  that  the 

local  names  here  are  the  same  as  those  used  in  the  Indian  Ocean  Plain  (Chapter  3).  Note  also  thut,  because  of 

rainfall,  June  in  the  Aden  Coastal  Fringe  is  u  purl  of  the  Southwest  Monsoon  proper,  rather  than  of  the  transition. 

Situation  and  Relief . 5-4 

.Southwest  Monsoon  ("Hagai")  June-Septembcr . 5-5 

General  Weather . 5-5 

Sky  Cover . 5-5 

Visibility . 5-7 

Winds . 5-8 

Precipitation . . . 5-  *  I 

Temperature . 5-12 

Southwest-to-Northeast  Monsoon  Transition  ("Der")  October- November . 5-13 

General  Weather . 5- 1 3 

Sky  Cover . 5- 1 3 

Visibility . 5-15 

Winds . 5-15 

Precipitation . 5-16 

Temperature . 5-17 

Northeast  Monsoon  ("Gilal")  December-March . 5-18 

General  Weather . 5-18 

Sky  Cover . 5-19 

Visibility . 5-20 

Winds . 5-20 

Precipitation . 5-21 

Temperature . 5-23 

Nok  theast-to-Southwest  Monsoon  Transition  ("Gu")  April-May . . 5-24 

General  Weather . 5-24 

Sky  Cover . 5-25 

Visibility . 5-27 

Winds . 5-27 

Precipitation... . 5-28 

Temperature . 5-29 
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The  Aden  Coastal  Fringe.  This  region  comprises  the  Gulf  of  Aden’s  immediate  coastlines.  It 
Ras  Fartak  in  Yemen  to  Djibouti,  then  back  cast  to  Cape  Guardafui,  Somalia,  and  Socotra  Island. 
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Figure  5-lb.  Climatological  Summaries  for  Selected  Stations  in  the  Aden  Coastal  Fringe. 
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SITUATION  AND  RELIEF.  The  narrow  coastal  area 
that  surrounds  the  Gull' of  Aden  is  about  650  NM  long.  It 
includes  all  the  Yemen  (Aden)  coast  west  of  Ras  Fartak 
that  lies  below  1,620  feet  (500  meters).  The  region  is 
dominated  by  sand  and  lava-covc-cd  coastal  plains 
backed  by  steep  volcanic  hills  and  mountain  ridges.  The 
coastline  widens  only  where  isolated  semipermanent 
stream  beds  (wadis)  cut  deep  canyons  into  the  mountains 
and  hillsides.  Two  volcanic  peaks  on  the  pcnisinula  at 
Aden,  Yemen,  rise  above  1,000  feet  (305  meters)  MSL 
and  arc  connected  to  the  mainland  by  a  narrow  strip  of 
land  several  mile.1  long.  Aden  has  the  only  natural 
harbor  on  the  northern  Aden  Coastal  Fringe.  Most  of  the 
plain  from  Wadi  Mayfa'ah  to  Pcrim  Island  in  the  Straits 
of  Bab  al  Mandab  is  stone  and  gravel,  but  from  Ras 
Faitak  to  Wadi  Mayla’ah  there  is  mostly  sand.  The 
entire  northern  Aden  Coastal  Fringe  is  backed  by  lava 
hills  and  plateaus  incised  by  an  extensive  system  of 
wadis  running  north  to  south  from  the  Yemen  Highlands 
to  the  Gulf  of  Aden.  The  wadis  have  steep  slopes  and 
broad,  fertile  valleys  varying  in  width  from  1-4  NM 
wide.  Wadi  Hajr  is  the  only  permanent  stream  Bowing 
to  the  coast;  its  valley  noor  width  averages  3-8  NM  and 
is  below  1 ,620  Icet  (5(X)  meters)  up  to  40  NM  inland. 

The  area  called  the  "Cuban,"  as  shown  in  Figure  5-1, 
is  a  region  of  barren  lava  fields  surrounded  by  the 
volcanic  hills  and  mountain  ridges  of  the  Ogo  Highlands, 
which  sec.  The  Gulf  of  Tadjoura  (Djibouti)  and 
neighboring  lowlands  are  surrounded  by  volcanic  hills 
rising  to  2,000  feel  (610  meters)  MSL.  Marsh  Bats  and 
caustic  swamplands,  some  below  sea  level,  dominate  the 
interior  sections  of  Djibouti  where  the  coastal  fringe  is 
widest  al  40-60  NM. 

To  the  cast,  the  coastline  gradually  narrows  to  1-10 
NM  near  Berbera.  This  narrow  section  of  coastline  is 
paralleled  by  steep  ridges  to  its  south.  The  l  ,620-foot 
(500-mctcr)  contour  is  runs  only  about  1-3  NM  inland 
from  the  coast. 

East  from  Berbera  to  Bender  Cassim  (Bosaso),  SI,  the 
coastline  gradually  widens  from  10  to  40  NM  nea.  49°  E, 
but  becomes  very  narrow  again  between  Bender  Cassim 
(Bosaso)  and  Cape  Guardafui,  SI.  This  section  of  the 
Aden  Coastal  Fringe  is  backed  by  elongated  plateaus  and 
broad  valleys  interspersed  along  the  eastern  Ogo 
Highlands  which  lie  to  the  south  of  the  Coastal  Fringe. 


The  Island  of  Socotra  lies  150  NM  ENE  of  Cape 
Guardafui,  at  the  easternmost  point  in  the  region. 
Socotra  is  72  NM  long  and  22  NM  wide,  and  covers 
1,200  sq  NM.  The  highest  elevation  is  4,931  feet  (1,503 
meters)  MSL. 

DRAINAGE  AND  RIVER  SYSTEMS.  The  region  is 
dominated  by  dry  stream  beds  (wadis)  that  flow 
intermittently  from  the  surrounding  highlands  toward  the 
Gulf  of  Aden.  Wadi  Boors  provide  most  of  the  arable 
land.  In  the  northern  sections -from  west  to  cast-  major 
wadis  include;  the  Bana  (20  NM  northeast  of  Aden):  the 
Mayfa’ah  (its  mouth  near  14°  N,  47°  tV  E);  the  Hair 
(the  only  stream  considered  perennial,  near  14°  10  N. 
48°  56’  E)  and  the  Wal  Masilah  (15  N°.  5  |r  L).  All  the 
wadis  originate  in  the  Hadhramaut  (Yemen  Highland 
plateau)  and  have  steeply  terraced  slopes.  They  drain 
from  west  to  south,  with  minor  systems  draining  to  the 
east.  There  are  no  significant  wadi  systems  in  the 
southern  half.  Stream  beds  run  perpendicular  to  tlv • 
shoreline  inland,  but  w  ithin  a  mile  of  the  coast  they  are 
indistinguishable. 

LARGE  WATER  BODIES.  The  Gull  ot  Aden  is  >'<» 
NM  long  and  330  NM  across  between  Kas  I'urluk  and 
(’ape  Guardafui.  It  encompasses  nearly  htonoo  sq  NM 
The  only  lake  of  significance  is  I  ake  Assal.  m  .  enu  it 
Djibouti.  This  is  a  salt  water  lake  10  NM  lone  and  4  NM 
wide  The  adjacent  brackish  marshland  lies  son  leef 
(-154  meters)  he* low  sea  level  at  its  lowest  j*'mi  lit. 
lake,  which  serves  as  its  own  internal  I  so  M|  NM 
drainage  basin,  is  wedged  between  several  isolated 
volcanic  peaks  in  the  Great  Rilt  Valley 

VEGETATION.  The  northern  hall  ol  the  region  is 
doltc'd  with  coconut  palms  and  sparse  grasses  In  it* 
major  wadi  valleys  and  canyons  die  Boor  are  scattered 
with  thorny  shrubs  and  palms  Some  crops dis|vrsed 
along  the  wadi  fringes  On  adjacent  slopes,  isolated 
pockets  of  open  woodlanj  coexist  w  ith  scattered  terrace 
agriculture,  but  the  majority  ot  these  slopes  are 
uncultivated  and  contain  small  grass  clumps 

The  southern  hall  is  dominated  by  isolated  thorny 
brush  and  acacia  trees  inland  lor  3  NM  or  more  Small 
shrubs  dot  the  slopes  of  most  blull  walls,  but  along  the 
coastline  the  vegetation  is  limned  to  isolated  grass 
clamps  and  shallow  rooted  shrubs 
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GKNFRAL  WEATHER.  Somali  Jet  Stream  flow  and  NM  inland  stays  cool  during  the  day.  In  the  northeast, 

Gulf  of  Aden  sc/1  surface  temperatures  (SSTs)  ate  the  the  Somali  Jet  causes  strong  upwclling  near  Ras  Farlak, 

primary  climatic  features.  Except  for  isolated  locations  where  there  is  a  high  incidence  of  early  morning  coastal 

in  the  cast,  this  season  is  extremely  dry.  Scant  rainfall,  stratus, 

high  temperatures,  and  westerly  surface  winds  dominate 

west  of  Berbera  and  Adcn--arcas  where  the  Somali  Jet  SKY  COVER,  In  early  June,  surges  of  strong 

docs  not  affect  the  weather.  southwesterly  flow  in  the  Somali  Jet  affect  the  southern 

pari  of  the  Aden  Coastal  Fringe.  Persistent  southerly 
Somali  Jet  Stream  flow  has  a  significant  effect,  flow  descends  from  the  Ogo  Highlands  ant!  warms 

however,  on  the  southern  half  of  the  region.  Its  adiabatically.  The  flow  opposes  a  weak  sea  breeze  by 

WSW  SW  (low  leaves  the  mainland  near  Cape  day  and  reinforces  offshore  How  at  night.  Both  diurnal 

Goardafui  anti  passes  over  the  extreme  southeastern  Gulf  circulations  arc  loo  dry  for  significant  cloud 

of  Aden  and  Socotra  Island.  The  Jet  is  deflected  by  the  development,  but  southwesterly  Somali  Jet  flow 

Ogo  Highlands,  which  parallel  the  cmire  southern  Aden  produces  extensive  cloud  cover  on  Socotra  Island.  Moist 

Coastal  Fringe.  Terrain  establishes  a  complex  surface  air  is  lifted  along  the  west  and  south  sides  of  Socotra’s 

circulation  pattern  (which  includes  vortices)  between  only  mountain  range  (the  Haggicr).  Maximum  ridge 

Cape  Guardafui  and  Socotra  Island.  This  pattern  brings  crest  elevation  is  4,'G  I  feet  (1,503  meters), 

descending  motion  ami  adiabatic  warming  to  the  north 

side  of  the  Ogo  Highlands  between  Bender  Cassini  Southwest  Monsoon  mean  cloudiness  distribution 
(Bosaso)  and  Berbera.  (Figure  5-2)  varies  from  44  percent  near  Ras  Farlak  in 

the  north  to  17  percent  at  Berbera,  in  the  .south. 
SS  i  distributions,  which  grow  warmer  from  cast  to  Percentages  arc  probably  even  lower  in  the  "Guhan" 

west  in  the  Gull  of  Aden,  accentuate  surface  moisture  between  Djibouti  and  Berbera. 

and  temperature  patterns.  Tire  immediate  coastline  to  2 


Figure  5-2.  Mean  Southwest  Monsoon  Cloudiness  Frequencies.  Aden  Coastal  Fringe. 
Isolincs  arc  in  5%  intervals.  The  data  is  derived  hy  calculating  the  grand  mean  from 
National  Intelligence  Summary  (NIS)  cloudiness  data  for  specific  sites  from  June  to 
September. 
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The  northern  and  southern  halves  of  the  Aden  Coastal 
Fringe  region  see  different  mean  cloudiness.  Somali  Jet 
How  docs  not  normally  reach  the  northern  half,  but  a 
strong  Jaytimc  sea  breeze  produces  fair  weather  cumulus 
on  the  immediate  coastline.  A  weak  surface  Monsoon 
Trough  (sec  Chapter  2)  over  the  northern  Aden  Coastal 
Fringe  strengthens  onshore  flow,  but  inland  temperatures 
arc  loo  high,  and  the  boundary  layer  too  dry,  for 
extensive  cumulus  development. 

The  southern  half  averages  only  l-2/Hlhs  sky  cover, 
mostly  cirrus  blowoff  from  convection  over  the  Ogo 
Highlands.  Thin  straiocumulus  and  stratus  (rarely 
constituting  a  ceding)  appear  between  0400  and  07(H) 
LST  between  Djibouti  and  Bender  Cassim  (Bosaso). 
Near  Cape  Guardafui,  cloud  cover  averages  2-4/8lhs 
stratus  and  straiocumulus  during  land/sca  breeze 
transition  hours  (0600-0800  LST  and  1900-2 l(X)  LST). 
Bases  average  3, .>00  feet  (1,006  meters)  AGL.  On 
Socotra,  southern  mountain  slopes  see  3  to  5/8ths 
cumulus  by  mid-afternoon,  but  little  cumulus 
development  on  northern  slo|>cs.  Bases  average 
2,5(M)-3,(XX)  feet  (762-915  meters),  but  lops  rarely  exceed 
8,<KK)  feet  (2,439  meters).  String  Somali  Jet  flow  over 


Socotra  produces  distinct  windward/lccwaril  cloud  cover 
patterns. 

The  northern  half  secs  moderate  (2-4/8ths)  cumulus 
development  along  immediate  coastlines  hy  tlay.  Bases 
average  4, (XX)  Iccl  (1,220  meters),  bul  tops  rarely  exceed 
6,000-7,000  feel  (1,829-2,134  meters),  Early  morning 
stratus  and  stratocumulus  bases  range  from  2, (XX)  to 
3, (XX)  feet  (610  to  915  meters).  These  clouds  develop 
offshore  between  Riyan  and  Ras  Fartak  due  to  upwelling. 
Low  stratus  moves  onshore  between  05(X)  and  0700  LST 
with  bases  at  I,(XX)-2,5(X)  Icct  (305-762  meters).  Clouds 
dissipate  rapidly  away  from  immediate  coastlines.  Near 
the  city  of  Aden,  there  is  localized  convection  near  the 
twin  volcanic  cones  of  Shamsan  and  lhsan.  Cumulus 
rarely  covers  more  than  2  or  3/Kths  of  the  sky  during 
daylight.  Bases  average  3,(KX)-4,(XX)  Iccl  (915-1,220 
meters),  with  lops  to  8, (XX)  Iccl  (2,419  meters ). 

Frequencies  of  ceilings  below  3, (XX)  feel  (915  meters) 
vary  widely  because  of  wind  flow  and  topography. 
Highest  frequencies  seem  to  be  in  mid-morning  and  early 
evening  (Figure  5-3). 


Figure  5-3.  Southwest  Monsoon  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters), 
Aden  Coastal  Fringe. 
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The  extreme  northeastern  anil  southeastern  parts  of  ihe 
Aden  Coastal  Fringe  are  affected  by  strong  offshore 
upwelling  that  produces  coastal  stratus.  The  cold  water 
and  surface  Monsoon  Trough  are  responsible  for  most 
low  ceilings  (15%)  at  Riyan  in  June  and  September. 

During  i'uly  and  August,  the  air  over  land  is  too  dry 
for  extensive  low  cloud  anywhere  but  around  Ras 
Fartak’s  immediate  shoreline.  Predominant  low  clouds 
arc  early  morning  stratus  and  slratocumulus.  At  Bcrbcia, 
low  cloud  (17%  at  0900  LST)  is  also  stratus  and 
slratocumulus,  now  caused  by  land/sca  breeze 
convergence. 

VISIBILITY,  The  frequency  of  visibilities  below  3 
miles  (Figure  5-4)  is  less  than  5%  across  the  entire 


region,  all  the  result  of  strong  sea  breeze  winds  that  raise 
sand  and  dust.  The  extreme  dryness  of  the  Southwest 
Monsoon  normally  results  in  thin  haze  with  visibilities  of 
4-7  miles.  In  the  southern  part  of  the  Aden  Coastal 
Fringe  between  Cape  Guardafui  and  Berbera,  weak 
southerly  flow  from  the  Somali  Jel  descends  from  the 
Ogo  Highlands;  wanning  udiabalically,  it  carries 
dust/sand  onto  the  coastal  plains  below.  If  downslopc 
flow  is  strong  (15-20  knots),  visibility  may  drop  to  a  mile 
or  less  for  brief  periods. 

East  of  Riyan,  early  morning  fog  and  stratus  arc  the 
main  obstructions  to  vision.  Strong  coastal  upwelling 
ulong  the  northern  shore  cast  of  Riyan  may  produce 
extensive  thin  fog  that  may  persists  along  the  water  and 
immediate  coastline  until  1600- 1 700  L.ST. 


Figure  5-4.  Southwest  Mormon  Frequencies  of  Visibilities  Bekm  3  Miles.  Aden 
Coastal  Fringe. 
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WINDS.  Surface  wim!  circulations  along  the 
southeastern  Aden  Coastal  Fringe  shoreline  between 
Bernier  Cussim  (Bosaso)  and  Cape  Guardafui  ore 
extremely  complex  because  the  Somali  Jet  und  Ogo 
Highlands  produce  an  anomalous  low-level  flow  pattern. 
Figure  5 -5a  shows  surface  streamline  flow  during  a 
typical  July  over  the  southeast  lip  of  the  region.  The 
vortices  that  develop  from  topographic  effects  on  Somali 


flow  produce  wide  variations  in  local  surface  winds 
between  Cape  Guardafui  ami  Bender  Cussim  (Bosaso). 
Local  diurnal  lantl/sca  breeze  circulations  further 
complicate  diurnal  speed  and  direction  along  the 
immediate  coastline,  at  Bender  Cassini  in  particular 
Figure  5-5b  is  a  closcup  of  a  vortex  direclly  above  Cape 
Guurdafui.  The  mean  wind  speed  (in  the  center  of  (he 
circle)  is  in  meters  per  second. 


Figure  5-5 a.  Complex  Surface  Circulation  on  the  Southeastern  Aden  Coastal 
Fringe.  Surface  streamlines  were  created  by  Fmdlatcr  (1971  >  to  show  mean  luly 
surface  flow  along  the  northern  Somalia  coast.  Local  cloud  cover  patterns  vary 
slightly  with  circulation. 
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Figure  5-5b.  Closeup  View  of  Individual  Vortex  Over  Cape  Guardafui,  Somalia 
(from  Findlater,  1971).  Dashed  lines  with  arrows  represent  estimated  streamline 
between  1 .000-2, (XX)  feet  (305-610  meters)  AGL.  Circled  numbers  give  wind  speed  in  ir/s. 


Figure  5-6  gives  mean  monthly  wind  speeds  and 
prevailing  wind  directions  for  Aden,  Djibouti  and  Riyan 
(Riyan  is  on  the  northeastern  edge  of  the  Aden  Coastal 
Fringe).  The  prevailing  surface  wind  direction  at 
Djibouti  shows  the  combined  influence  of  northerly 
mid-level  flow  and  the  low-level  sea  breeze  circulation. 


Aden  and  Riyan  data  shows  that  a  moderate  sea  breeze 
(7-10.5  knots)  is  dominant  at  the  surface.  Strong  surface 
west-south  westerlies  (15-20  knots)  occurs  at  Cape 
Guardafui.  However,  wind  speed  reaching  60  to  70 
knots  are  not  uncommon  in  July  and  August. 
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Figure  5*6.  Mean  Southwest  Monsoon  Wind  Speeds  and  Prevailing  Directions,  Aden  Coastal 
Fringe.  Prevailing  directions  in  boldface  on  left. 
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Figures  5- /a  and  b  give  mean  annual  wind  directions 
for  three  levels  at  Aden  and  Djibouti.  There  are  striking 
differences  between  the  two  stations  in  June  and 
September.  The  Somali  Jet  rarely  affects  the  northern 
Aden  Coastal  Fringe  because  it  is  deflected  by  the  Ogo 
Highlands.  As  a  result,  Southwest  Monsoon  low-level 


moisture  and  rainfall  during  the  day  must  he  drawn  from 
sea  breezes.  However,  mid-level  monthly  Southwest 
Monsoon  wind  direction  shows  offshore  (20-70) 
components,  and  dry  air  aloft  suppresses  widespread  sea 
breeze  cumulus  between  Riyan  and  Aden. 


JAN  FEB  WAR  APR  MAY  JUN  JUl  AUG  SEP  OCT  NOV  DEC 

Aden  3-level  wind  direction 


Figure  5-7a.  Mean  Annual  Wind  Direction,  Aden,  AD.  Note  the  abrupt  wind  shift  at  5,(XK)  Icct 
(1,524  meters)  from  easterly  (87°)  to  west-northwesterly  (280°)  by  June.  In  September,  the  mean 
5,000-foot  wind  direction  backs  to  south-southwesterly  (200°)  just  before  the  transition  to  Northeast 
Monsoon  How.  The  low-level  wind  shift  is  not  present  at  the  higher  levels. 
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Djibouti  3-l«vel  wind  direction 


Figure  5*7b.  Mean  Annual  Wind  Direction,  Djibouti.  D.|.  Djibouti’s  wind  profile  shows  a 
northerly  (340-015°)  component  to  10,(XX)  feet  (3,050  meters)  MSL  throughout  the  Southwest 
Monsoon.  This  10-15  knot  flow  doesn’t  provide  much  mid-level  moisture  along  the  southwestern 
Aden  Coastal  Fringe,  but  it  reinforces  orographic  lift  of  sea  breeze  moisture. 
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PRECIPITATION.  The  Soulhwcsl  Monsoon --known  Riynn.  Surface  easterlies  arc  rare  and  weak,  and  do  not 
locally  as  "Hagai'  -is  extremely  dry  txxau.se  the  Somali  push  significant  amounts  of  stratus  west  of  Riyan  On 

Jet  is  now  confined  to  the  extreme  southeastern  parts  of  about  1-3  days  a  season  there  is  a  trace  to  0.01  inch  (0  25 

the  Aden  Coastal  Fringe.  Many  locations  across  the  mm)  from  low  status  with  light  southeasterly  or  easterly 

region  gel  only  a  trace  of  rain  during  the  entire  winds. 

Southwest  Monsoon.  Bender  Cassim  (Bosaso)  normally 

sees  no  rain  at  all  during  this  season.  Even  though  Thunderstorms  reach  their  highest  frequency  (1-3  a 
orographic  lift  in  the  southern  Ogo  Highlands  produces  month)  during  the  Southwest  Monsoon.  Although 

thundershowers,  very  little  rainfall  reaches  southern  thunder  is  heard  along  the  southern  Aden  Coastal  Fringe, 

Aden  Coastai  Fringe  coastlines  between  Cape  Guardafui  rain  stays  south  of  the  Ogo  Highlands.  Frequent 

and  Djibouti.  This  region  is  also  a  rain-shadow  zone  thunderstorms  with  light  rain  occur  alter  midnight  near 

with  southwesterly  How  from  the  Somali  Jet.  the  city  of  Aden.  Lightning  is  frequently  seen  to  the 

north  of  the  Yemen  Highlands  between  17(X)  and  21(H) 
Along  the  northern  Aden  Coastal  Fringe,  strong  LST.  Strong  sea  breeze  uplift  triggers  thunderstorms 

upwclling  cast  of  Riyan  produces  spotty  early  morning  over  high  terrain  30  NM  north  of  Aden.  Anvil  clouds 

drizzle.  Most  of  the  population  here  is  confined  to  the  spread  south  to  the  coast,  with  light  rain  reaching  Aden 

fertile  wadi  valleys  2(K)-3(X)  NM  west  of  the  strongest  by  1 9(H)  LST.  Figure  5-8  shows  Southwest  Monsoon 

offshore  upwclling.  Most  of  the  drizzle  falls  cast  of  rainfall  by  month. 


Figure  5-8.  Mean  Southwest  Monsoon  Monthly/Maximum  24-Hour  Precipitation, 
Aden  Coastal  Fringe.  Isohycts  represent  mean  seasonal  rainfall  (inches). 
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TEMPERATURE.  Mean  daily  highs  range  from  90°F  lows  arc  controlled  by  Gulf  of  Aden  so  a  surface 

(32°C)  at  Riyan  to  107°F  (42°C)  at  Berbers.  The  record  temperatures;  the  lowest  temperatures  arc  found  near 

high  at  Riyan  was  111  °F  (44°C)  recorded  in  June,  and  coastal  upwctling  regions  between  Riyan-Ras  Fariak  and 

117°F  (47°C)  at  Berbera,  also  in  June.  The  record  for  just  south  of  Cape  Guardafui  (77-79°F/?4-26°C).  The 

the  region  is  121°F  (49°C),  set  at  Djibouti.  Mean  daily  highest  mean  daily  low  is  88°F  (3 1 °C)  at  Berbera. 


Figure  5-9.  Mean  Southwest  Monsoon  Daily  Maximum/Minimum  Temperatures  (°F), 
Aden  Coastal  Fringe. 


ADEN  COASTAL  FRINGE 

SOUTHWEST-TO-NORTHEAST  TRANSITION 


GENERAL  WEATHER.  A  subtle  shift  in  low-  and 
mid-  level  circulation  results  in  light  and  variable  surface 
winds  throughout  the  region.  Along  the  southeastern 
Aden  Coastal  Fringe  from  Bender  Cassim  (Bosaso)  to 
Socotra  Island,  strong  southwesterly  flow  diminishes  as 
the  Somali  Jet  migrates  south.  To  the  immediate  north  of 
the  Jet,  the  surface  Monsoon  Trough  produces  weak, 
low-level  convergence  that  results  in  a  short-lived  period 
of  showers  as  the  Trough  moves  rapidly  south  of  the  area 
by  mid-to  late  October. 

From  Bender  Cassim  (Bosaso)  to  Perim  Island,  the 
Monsoon  Trough’s  southward  migration  produces  weak 
easterly  How  that  is  easily  lifted  aguinst  the  Ogo 
Highlands  to  produce  light  showers  along  the  highest 
ridges.  These  showers  occasionally  fan  out  onto  the 
adjacent  coastal  plain.  On  the  northern  Aden  Coastal 
Fringe,  weak  easterly  flow  allows  sea  breeze  cumulus  to 
form,  but  dry  air  inland  prevents  cloud  development  past 
5  NM  inland. 


Octobor-November 


SKY  COVER.  Mean  cloudiness  over  the  Aden  Coastal 
Fringe  ranges  from  18-26%  (Figure  5-10).  Low-  and 
mid-level  cloud  cover  (thin  stratus  and  slralocumulus)  is 
greatest  from  0800  to  1 100  LST  and  accounts  for  most  of 
the  Aden  Coastal  Fringe’s  mean  seasonal  cloudiness. 
Between  Bender  Cassim  (.Bosaso)  and  the  city  of 
Djibouti,  however,  most  cloud  cover  occurs  in  the 
afternoon  (1300-1600  1ST)  as  strong  sea  breezes 
produce  orographic  lift.  Cumulus  development  along  the 
northern  Ogo  Highlands  rarely  exceeds  2/8lhs.  Bases  arc 
3,000  feet  (915  meters)  AGL  with  tops  to  8,(XK)  feel 
(2,439  meters)  MSL.  Clouds  move  westward  along  the 
Ogo  Highlands  because  the  southern  Aden  Coastal 
Fringe  coastline  is  parallel  to  northeasterly  flow-sea 
breeze  deflection  is  very  strong.  Maximum  development 
(2-3/8ths)  is  near  Djibouti  where  the  coastline  is 
perpendicular  to  the  sea  breeze  and  downwind  from  Ogo 
Highland  cloud  cover.  Isolated  convective  activity 
occasionally  produces  4-5/8ths  sky  cover  at  Djibouti. 
Tops  may  reach  30, (K)O  feet  (9,146  meters)  MSL. 


Figure  5-10.  Mean  SW-NE  Monsoon  Transition  Cloudiness  Frequencies,  Aden  Coastal 
Fringe.  The  data  is  derived  by  calculating  the  grand  mean  from  National  Intelligence 
Summary  (NIS)  mean  cloudiness  data  for  specific  sites  in  October  and  November.  Isolincs 
arc  in  5%  intervals. 


5-13 


ADEN  COASTAL  FRINGE 
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October-November 


Stratus  and  straiocumulus  forms  only  during  the 
morning  land-to-sca  breeze  transition  (0600-<)8<X)  LST); 
offshore  flow  is  stronger  and  5-!()°F  cooler  thun  the 
twilight  (1900-2 l(K)  LST)  land  breeze,  resulting  in 
greater  instability  over  warm  coastal  waters  in  the 
morning.  Coastal  stratus  and  stratocumulus  have  bases 
between  2,000-2,500  feet  (610-762  meters)  AGL,  but  arc 
short-lived  as  the  land-to-sea  breeze  reversal  pushes 
cloud  cover  inland.  The  dry  air  mass  dissipates  the  cloud 
cover  by  1000-1100  LST.  Along  the  northern  Aden 
Coastal  Fringe,  synoptic  flew  and  sea  breezes  rarely 


produce  anything  but  light  diurnal  cloudiness.  Isolated 
lair  weather  cumulus  develops  almost  every  afternoon 
near  the  city  of  Aden  along  Mt  Shamsan  and  Mt  Ihsan. 
Bases  are  ,3,(XX)-4,(XX>  Icct  (915-1,220  meters)-  tops 
may  reach  7, (XX)  feet  (2,134  meters). 

The  frequency  of  ceilings  below  .3, (XX)  feet  (9)5 
meters)  ranges  from  0  to  1 3%  (Figure  5- 1 1 ).  The  highest 
frequency  is  just  south  of  Berbcra  (12%  at  (MX)  LST) 
and  at  Bender  Cassim  (Bosaso). 


Figure  5-11.  SW-NF.  Monsoon  Transition  Frequencies  of  Ceilings  Below  3,000  Feet 
(915  meters),  Aden  Coastal  Fringe. 
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October-November 


VISIBILITY.  The  frequency  of  visibilities  below  3 
miles  (Figure  5-12)  is  only  0-2%.  Nearly  all  low 
visibilities  during  the  transition  arc  caused  by  blowing 
dust  and  sand  along  immediate  coastlines.  The  rare 


frontal  passage  almost  always  produces  widespread  dust 
along  the  cold  front.  Visibility  drops  to  less  than  a  mile 
for  up  to  4  hours  after  a  frontal  passage. 


Figure  5-12.  SW-NE  Monsoon  Transition  Frequencies  of  Visibilities  Below  3  Miles, 
Aden  Coastal  Fringe. 


WINDS.  Figure  5-13  shows  the  persistent  strengthening 
of  cast  to  southeasterly  flow  near  the  surface.  When  the 
surface  Monsoon  Trough  migrates  south  of  8°  N, 
Northeast  Monsoon  flow  strengthens  in  the  eastern  Gulf 
of  Aden.  The  Northeast  Monsoon  normally  arrives  in  the 
eastern  Gulf  by  the  First  week  in  November,  but  noitheast 
surface  flow  in  the  western  Gulf  of  Aden  doesn’t  become 


organized  until  the  third  or  fourth  week  in  November. 
Mid-  and  upper-level  wind  flow  is  almost  due  easterly 
(080-100°)  at  10-15  knots  during  October  and 
November.  On  rare  occasions,  a  deep  midlalilude 
upper-level  trough  reaches  Aden  and  Riyan.  Peak 
surface  winds  arc  north-northwesterly  at  20-27  knots 


ADEN  COASTAL  FRINGE 

SOUTHWEST-TO-NORTHEAST  TRANSITION 


October-November 
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Figure  5-13.  Mean  SW-NF.  Monsoon  Transition  Wind  Speeds  (kt)  and  Prevailing 
Directions,  Aden  Coastal  Fringe. 


PRECIPITATION.  The  Aden  Coastal  Fringe  averages 
less  than  I  inch  (25  mm)  of  rain  a  month  in  October  and 
November,  but  mean  rainfall  amounts  arc  greater  than 
during  the  Southwest  Monsoon  because  of  northeasterly 
surface  flow,  Gulf  of  Aden  moisture,  and  orographic 
uplift.  As  shown  in  Figure  5-14,  the  eastern  Aden 
Coastal  Fringe  is  drier  than  the  western  portion,  where 
topography,  coastal  configuration,  and  low-level 
moisture  result  in  more  diurnal  convection.  Rainfall 
amounts  vary  widely  across  the  region.  Except  for  Aden, 
all  extreme  maximum  24-hour  rainfalls  occur  in 
November,  when  strong  northeasterly  surface  flow 
penetrates  the  western  Aden  Coastal  Fringe.  Moist 
onshore  flow  is  available  to  fuel  convection  between 


Berbera  and  Djibouti,  where  topography  favors 
orographic  lift.  But  an  unusual  mid-  or  upper-level 
trigger  must  have  been  responsible  for  the  rare  6.1 
inch/155  mm  24-hour  rainfall  maximum  recorded  at 
Djibouti.  Possible  triggers:  an  upper-level  trough  or  a 
northward  surge  of  moisture  through  the  Great  Rilt 
Valley.  November  maximum  24-hour  rainfalls  at 
Berbera  (l.‘>  inches/48  mm).  Bender  Cassim 
(Bosaso)--O.')  inthes/23  mm,  and  Aden  (0.8  inches/20 
mm)  were  probably  the  result  of  isolated  convection. 
Riyan's  24-hour  maximum  (4.1  inches/84  mm)  occurred 
with  an  extremely  rare  tropical  cyclone  that  made 
landfall  near  Ras  Fartak. 


Figure  5-14.  Mean  SW-NE  Monsoon  Transition  Monthly/Maximum  24-Hour 
Precipitation,  Aden  Coastal  Fringe.  Isohyets  represent  mean  seasonal  rainfall  totals  (inches). 

5-16 


ADEN  COASTAL  FRINGE 

SOUTHWEST-TONORTHEAST  TRANSITION 


TEMPERATURE.  Mean  daily  highs  (Figure  5-15) 
range  from  85°F/29C°  at  Aden  lo  92°F/33C°  at  Berbera. 
Record  highs  include  l()l°F  (38°C)  at  Aden  and  1 13°F 
(45°C)  at  Bender  Cassim  (Bosaso),  both  in  October. 


October-November 


Mean  daily  lows  range  from  68°  to  80°F  (2()-27°C). 
The  record  low  (53°F/I2°C)  was  recorded  in  November 
at  Bender  Cassim  (Bosaso).  Djibouti’s  November  record 
low  was65°F(18°C). 
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(IRNERAL  WEATHER.  Low-level  northeasterly  flow 
(lomiiuucs.  Coasllinc  configuration  ami  terrain 
orientation  in  the  southern  half  of  the  region  produce  two 
distinct  rainfall  and  cloud  cover  patterns  during  the 
Northeast  Monsoon.  The  southwest  and  southeast  parts 
arc  cloudier  and  wetter  than  the  south-central  poition 
because  surface  How  is  reinforced  by  the  sea  breeze  and 
lifted  along  coastal  ranges.  There  is  a  narrow  lecsidc 
rainshudow  zone  between  Bender  Cassim  and  Bcrbera, 
where  surface  How  is  parallel  to  the  coast.  Upper-level 
flow  (.west-south westerly  at  20-30  knots  north  of  the 
Subtropical  Ridge)  is  dry.  Poor  uppcr-lcvc!  outflow 
mechanisms  do  not  support  widespread  low-level 
convection;  as  a  -esult,  there  are  very  lew 
thunderstorms,  even  with  northeasterly  flow,  favorable 
low-level  moisture,  and  uplift. 

SKY  COVER,  Northeasterly  flow  into  the  Ciulf  of  Aden 
anil  Aden  Coastal  Fringe  is  persistent.  Surface  flow 
parallels  the-  northern  coastline  from  Riyan  to  Aden: 


synoptic  scale  moisture  transport  from  the  Ciulf  inland  to 
the  elevated  interior  is  minimal.  However,  Cape 
Guardafui/Socolra  Island  and  the  western  Aden  Coastal 
Fringe  (Djibouti  to  Pcrim  Island)  are  oriented  nearly 
perpendicular  to  the  flow;  these  areas  arc  the  cloudiest  in 
the  region. 

Figure  5-16  shows  mean  cloudiness  to  lx'  lowest 
(22%)  at  Bcrbera,  highest  (44  percent)  at  Djibouti 
Stratus  and  straiocutnulus  with  bases  near  2,5<K>  loot 
(762  meters)  ACil  .  are  the  dominant  Northeast  Monsoon 
cloud  type's.  Maximum  frcipicncy  of  occurrence  is  in 
mid  morning.  Afternoon  ( 1200- 1 500  LS  I  )  cumulus  u  till 
bases  at  3,000-3.500  feet  (0 IS  1,067  meters'  Afil  and 
shallow  vertical  development  (tops  to  7,ooo  leet/2.1'4 
mete's  MSL)  contribute  to  mean  seasonal  sky  cover 
conditions,  which  average  V4/Kths  in  the  morning  and 
2-3/Xths  in  the  afternoon  The  only  exception  is  near 
Cape  (iuardalui.  where  sky  cover  averages  t  S/Kihs.  all 
hours. 


Figure  5-16.  Mean  Northeast  Monsoon  Cloudiness  Frequencies.  Aden  Coastal  Fringe.  The  data 
is  derived  by  calculating  the  grand  mean  lor  National  Intelligence  Summary  (NIS)  mean  cloudiness 
data  at  specific  hours  from  December  through  March  Isolines  arc  in  5%f  intervals. 
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The  frequency  of  ceilings  at  or  below  3,000  feet  (915 
meters)  AGL  averages  14%  for  the  entire  region  (Figure 
5-17).  Regional  frequencies  vary  from  17  to  32  percent 
between  2100  and  0900  LST  at  Djibouti  to  0  percent 
between  1 500  and  0300  LST  at  Berbers.  L.ule  evening  to 
mid-morning  low  struius/stratocumulus  ceilings  are 
common  along  most  of  the  Aden  Coastal  Fringe;  they 


are  the  result  of  weak  surface  convergence  (land/sea 
breeze  transition)  and  warm  coastal  waters.  Terrain 
around  the  Gulf  of  Tadjouru  helps  increase  low  ceiling 
frequency  wound  Djibouti.  Frontal  passages  rarely  result 
in  little  more  than  slight  increases  in  mid-and  upper-tevel 
cloudiness. 


Figure  5-17.  Northeast  Monsoon  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Aden  Coastal  Fringe. 


VISIBILITY.  Dust  and  haze  arc  the  main  causes  of  low 
visibilities  during  the  Northeast  Monsoon,  but 
frequencies  (Figure  5-18)  are  low.  Visibility  is  below  3 
miles  on  only  8  days  during  the  entire  season.  On  6  of 
those  8  days  (75%  of  observations),  the  obstruction  to 
vision  is  dust.  The  rest  arc  accounted  for  by  radiation 


fog,  haze,  or  smoke.  Most  dust-related  obstructions  to 
vision  occur  when  strong  sea  breezes  push  inland. 
Coastal  dunes  and  extended  fair  weather  pcriods-wiih 
dry  surface  condilions-arc  favorable  for  sandstorm  or 
dust-storm  development. 
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Figure  5-18.  Northeast  Monsoon  Frequencies  of  Visibilities  below  3  Miles,  Aden 
Coastal  Fringe. 


WINDS.  Figure  5-19  gives  mean  Northeast  Monsoon 
surface  wind  speeds  and  prevailing  directions  for  several 
Aden  Coastal  Fruige  stations.  Easterlies  prevail;  local 
variations  are  a  function  of  sea  brec/.c  deflection.  Note 


that  Djibouti’s  prevailing  wind  direction  changes  from 
E-S  to  E-NE  in  March;  the  slight  shift  is  caused  by  an 
increase  in  weak  cyclonic  activity  (northwesterly  flow) 
that  penetrates  the  southern  Red  Sea  in  March. 
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Figure  5-19.  Mean  Northeast  Monsoon  Wind  Speed  <kts>  and  Prevailing  Direction, 
Aden  Coastal  Fringe. 
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A  deep  upper-level  trough  and  a  surface  cold  front 
may  temporarily  (6-24  hours)  shift  winds  in  the  western 
and  northern  Aden  Coastal  hinge  to  northwesterly,  with 
maximum  speeds  of  25  knots  along  the  cold  front. 
Strongest  wind*  occur  near  Perim  Island  and  the  Straits 
of  Bab  al  Mandab.  The  surface  front  weakens  in  die 
central  and  eastern  Gulf  of  Aden,  and  northwesterly- 
winds  become  less  than  10  knots. 

PRECIPITATION.  Mean  monthly  Northeast  Monsoon 
rainfall  (Figure  5-20)  is  controlled  by  topography  and 
coastline  orientation.  Most  locations  get  at  least  0.1  inch 
(2.5  mm)  a  month.  The  exception  is  near  Bender  Ca.ssim 
(Bosaso),  where  localized  low-level  divergence  along  the 
coast  produces  only  trace  amounts  in  January  and  March, 
and  no  rain  at  all  in  February. 

The  southern  Aden  Coastal  Fringe  has  two  zones  of 
maximum  Northeast  Monsoon  precipitation.  Near  Cape 
Guardafui  (including  Socotra  Island),  the  coastline  is 
perpendicular  to  onshore  flow.  During  early  morning 
(05(X)-08(K)  LST),  stratus  and  shallow  slralociimulus 
develop  almost  every  day.  Light  or  intermittent  drizzle 


falls  every  third  day  somewhere  along  the  Cape,  and 
above  1,000  feet  (305  meters)  MSL  on  Socotra’s 
northern  mountain  slopes,  More  than  0.01  inch  (0,25 
mm)  falls  near  Cape  Guardafui  about  9  days  in  each 
Northeast  Monsoon  season.  Just  inland  from  Ctt|)c 
Guardafui,  nocturnal  rainfall  may  occur  if  thick  coastal 
stratus  and  stratocuniulus  move  inland  between 
0000-0600  LST.  Between  Cape  Guardafui  and  46°  F., 
little  duylimc  precipitation  occurs  bccuusc  the  coastline 
orientation  is  parallel  to  the  flow.  Forty  nautical  miles 
west  of  Berbera,  the  coastline  turns  northwestward  and 
perpendicular  to  prevailing  northeasterly  How.  From  this 
point  west  and  north  to  Perim  Island,  rainfall  is  more 
frequent,  and  moderate  rains  are  not  uncommon. 

Half  the  region’s  total  mean  annual  precipitation  falls 
during  tlte  Northeast  Monsoon,  but  un  entire  monthly  or 
seasonal  mean  can  occur  in  only  i  o  or  three 
rainshowers.  Thunderstorms  are  rare,  with  only  one  or 
two  a  season.  Since  the  Aden  Coastal  Fringe  gets  only 
2-4  inches  (51-102  mm)  of  rain  a  year,  just  one  isolated 
thunderstorm  could  provide  that  much,  or  more. 


Figure  5-20.  Mean  Northeast  Monsoon  Monthly/Maximum  24-Hour  Precipitation, 
Aden  Coastal  Fringe.  Isohyets  represent  mean  seasonal  rainfall  totals  (inches). 
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Occasionally,  a  mid-  or  upper-level  disturbance  brings 
above  normal  rainfall  lo  the  western  parts  of  the  region. 
Such  mid-latitude  disturbances  most  often  affect  the 
Aden  Coastal  Fringe  when  the  Polar  Jet  moves 
southward  into  the  central  Red  Sen.  As  shown  in  Figure 
5-21,  the  500-inb  Polar  Jet  temporarily  "shares  energy" 
with  the  Subtropical  Jet.  Because  both  jets  deviate 
southward  into  the  Red  Sea,  a  cold  trough  aloft  descends 


abnormally  southward,  In  the  figure,  the  Polar  Jet  (PJS) 
and  Subtropical  Jet  (,STJ)  have  two  wind  speed  maxima: 
the  first  over  the  Persian  Gulf  (PJS/STJ-I)  and  a  second 
in  east  central  Egypt  (PJS/STJ-2).  Rare  thunderstorms  or 
heavy  showers  developing  over  the  northern 
Ethiopian/Yemen  Highlands  mov^  into  the  western  Aden 
Coastal  Fringe. 


Figure  5*21.  The  Polar  Jet  (PJS)  and  Subtropical  Jet  (ST.I)  Interact  Over  the 
Subtropics.  The  PJS/STJ-2  position  is  critical  to  abnormally  heavy  Aden  Coastal  Fringe 
precipitation. 
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TKMPKRATURK.  The  Northeast  Monsoon  is  the 
coolest  season  of  the  year,  but  mean  daily  highs  (Figure 
5-22)  still  average  8(>-88°F  (27-32°C).  Record  highs 
range  from  96°F  (36°C)  at  Bcrbera  in  December  to 
l()l°F  (38°C)  at  Bender  Cassim  (Bosaso)  in  January. 
Daily  highs  typically  occur  just  after  noon.  By  1300 


LST,  well-developed  sea  breezes  start  to  cool  the  coastal 
plains.  The  lowest  temperatures  of  the  year  occur  during 
the  Northeast  Monsoon,  when  mean  daily  minimums 
range  from  67  to  76°F  (19  to  24°C).  The  record  lows 
were  recorded  in  December:  52°F  ( 1 1  °C')  at  Bender 
Cassim,  and  63°F  (17°C)  at  Djibouti. 


Figure  5-22.  Mean  Northeast  Monsoon  Daily  Maximum/Minimum  Temperatures  (°F), 
Aden  Coastal  Fringe. 
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(JFNFRAI.  WFATHFR.  The  most  important  feature 
ol  the  transition  is  the  surface  Monsoon  Trough’s 
northward  migration  into  the  region  in  early  May.  This 
produces  a  subtle  surface  wind  shill  from  moist 
easterly-southeasterly  (Figure  5-23a)  to  dry  southerly 
(Figure  <i-2.Tb).  Thick  arrows  arc  primary  streamlines, 
thin  arrows  secondary  streamlines.  Arrows  through 
circles  depict  surface  wind  direction,  and  numbers  inside 


circles  are  surface  wind  speeds  in  knots.  Dashed  lines 
are  5-knot  isolnchs.  The  surface  Monsoon  Trough 
(dash-dot-dash  line)  produces  weak  convergence  along 
its  axis,  along  with  showers  and  increased  low-  to 
mid-level  cloud  cover.  Isolated  convective  cells  are 
short-lived,  but  occasionally  build  into  lowering 
cumulus. 


Figure  5-23b.  Mean  May  Gradient  Flow,  Aden  Coastal  Fringe. 
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SKY  COVER.  Mean  cloudiness  varies  across  the 
region  Irom  18  lo  35%  (Figure  5-24).  April  surface  flow 
in  the  Gulf  of  Aden  is  easterly  (ENE-ESE).  Western 
and  northern  coasts  arc  oriented  perpendicular  to  the 
moist  How.  resulting  in  higher  frequencies  of  diurnal  sea 
breeze  cumulus  and  early  morning  stratus  and 
strulocumulus  along  immediate  coastlines.  The  southern 
Aden  Coastal  Fringe  between  Bender  Cassim  (Bosaso) 
and  Berberu  is  sheltered  from  these  easterlies  by  the  Ogo 
Highlands;  this  is  reflected  by  lower  (20-25%)  mean 
cloudiness  here.  Less  than  2/8lhs  isolated  mkl-altcmoon 
fair  weather  cumulus  is  typical  between  Bender  Cassim 
(Bosaso)  and  Berbera.  This  cumulus  results  from  intense 
surface  heating,  but  there  is  not  enough  sea  breeze 
moisture  for  vertical  development.  Most  early  and 


mid-morning  cloud  cover  is  stratus  and  stralocumulus 
(3-4/8lhs). 

Along  the  western  Aden  Coastal  Fringe  (near  Aden 
and  Djibouti)  in  late  April  and  early  May,  stralocumulus 
may  develop  into  cumulus  (and  occasionally 
cumulonimbus)  by  mid-afternoon  as  the  surface 
Monsoon  Trough  provides  weak  low-level  convergence. 
Sea  breeze  moisture  penetrates  into  interior  Djibouti  with 
easterly  flow  to  the  north  of  the  Trough.  Cloud  bases 
average  2,(XX)-2,5(X)  reel  (610-762  meters)  AGL  for 
stratus  and  3,(XX)-4,(XX)  feel  (915-1,220  meters)  MSL  for 
cumulus  and  stralocumulus.  Cumulonimbus  bases  are 
similar  to  those  of  the  cumulus  and  stralocumulus,  but 
tops  reach  35, (XX)  feet  (10.7  km)  MSL. 


Figure  5-24.  Mean  NE-SW  Monsoon  Transition  Cloudiness  Frequencies,  Aden  Coastal 
Fringe.  The  data  is  derived  by  calculating  the  grand  mean  from  National  Intelligence 
Summary  (N1S)  mean  cloudiness  data  for  specific  sites  in  April  and  May.  Isolincs  arc  in  5% 
intervals. 
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As  shown  in  Figure  5-25,  ceilings  at  or  below  3, (XX) 
feel/915  meters  AGL  occur  less  than  16%  of  the  lime 
throughout  the  region.  Low  ceilings  at  Riyan  (16%)  arc 


mostly  due  to  coastal  stratus,  but  at  Berbera  (12-13'X), 
they  arc  caused  by  stralocumulus/cumulus  buildups 
along  the  surface  Monsoon  Trough. 
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VISIBILITY.  The  Aden  Coastal  Fringe  has  a  very  the  Aden  Coastal  Fringe  arc  due  to  diiststorms,  some  of 
small  (less  than  2%)  frequency  of  visibilities  below  3  which  may  reduce  local  visibility  to  3(X)  feet  (97  meters) 
miles.  Nearly  all  low  visibilities  in  the  southern  part  of  for  up  to  30  minute ;. 


Figure  5-26.  NF.-SW  Monsoon  Transition  Frequencies  of  Visibilities  Below  3  Miles, 
Aden  Coastal  Fringe. 


WINDS.  In  Figure  5-27,  mean  surface  wind  speed  Upper-level  flow  is  easterly  at  10-15  knots.  The  mean 
decreases  through  May  except  at  Riyan,  where  there  is  a  position  of  the  Subtropical  Ridge  is  immediately  north  of 
small  increase.  Prevailing  directions  reflect  diurnal  the  region,  but  an  upper-level  trough  may  sweep  through 
land/sca  breeze  circulation,  not  the  synoptic  flow  shown  once  or  twice  during  the  transition.  Weak  troughs  do  not 
in  Figures  5-25a  and  b.  create  detectable  surface  wind  shifts, 


E-S 
E-S 
E-NE 

Figure  5-27.  Mean  NF.-SW  Monsoon  Transition  Wind  Speed  tkts)  and  Fi evading 
Direction,  Aden  Coastal  Fringe. 
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PRECIPITATION.  Mosi  transition  rainfall  occurs  with 
irregular  anil  isolated  diurnal  convection  triggered  by 
brief  northward  surges  of  the  surface  Monsoon  Trough. 
The  southwestern  Aden  Coastal  Fringe  (Berbera  to  Perim 
Island)  is  affected  by  localized  convection  originating  in 
the  Ethiopian  Highlands  to  the  south  and  west.  Mean 
April  rainfall  (0.5  inches/13  mm)  at  Berbera  and  Djibouti 
arc  the  highest  in  the  Aden  Coastal  Fringe.  Little  rain 
fulls  across  the  Gulf  near  the  city  of  Aden.  This  supports 
the  notion  that  the  isolated  Ethiopian  Highland 
convective  clusters  that  move  into  the  southwestern 


Aden  Coastal  Fringe,  arc  supported  by  northward  surface 
Monsoon  Trough  movements  and  sustained  by  low-level 
sea  breeze  moisture  concentrated  at  the  Gulf’s  west  end. 
The  dry  southeastern  Aden  Coastal  Fringe  is  controlled 
by  the  Somali  Jet’s  low  moisture  content. 

Maximum  24-hour  April  rainfall  at  Djibouti  (7.1 
inches/ ISO  mm),  at  Aden  (2.6  inches/66  mm),  and  at 
Berbera  (2.3  inches/58  mm),  illustrate  the  potential  but 
extremely  rare  ease  of  Monsoon  Trough  convection 
penetrating  the  western  Aden  Coastal  Fringe. 


Figure  5-28.  Mean  NF.-SW  Monsoon  Transition  Monthly/Maximum  24-Hour 
Precipitation,  Aden  Coastal  Fringe.  Isohyels  represent  mean  seasonal  rainfall  totals 

(inches). 
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TEMPERATURE.  As  shown  in  Figure  5-29,  mean 
daily  highs  range  from  88  to  99°F  (31  -37cC).  May  is  tLe 
wannest  month  of  the  yea',  averaging  93-99°F 
(33-37°C).  Record  highs  are  104°F  (40°C)  at  Riyan  in 
April  and  113°F  (45°C)  at  Bender  Cassim  in  May. 


Mean  daily  lows  range  Irom  74°F  to  82°FM24-28  C ). 
Temperatures  rarely  drop  below  65°F  (l8°C)--record 
lows  are  62°F  (I7°C)  at  Bender  Cassini  (Bosaso)  and 
70°F  (2 1  °C)  at  Djibouti,  both  in  April. 


Figure  5-29.  Mean  NE-SW  Monsoon  Transition  Mean  Daily  Maximum/Minimum 
Temperatures  (°F),  Aden  Coastal  Fringe. 
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YEMEN  HIGHLANDS 


The  region  discussed  here  t~  the  Yemen  Highlands  includes  includes  Yemen  -San’u  (YD),  as  well  as  small  portions 
of  Saudi  Arabia  (SD)  and  Ycmen--Adcn  (AD).  Alter  describing  the  area’s  situation  and  relief,  this  chapter  discusses 
its  "typical  weather"  by  season,  as  shown  below. 
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*  ■  LESS  THAN  0.0b  INCHES  OR  LESS  THAN  0.5  DAYS 


Figure  6-1.  The  Yemen  Highlands.  This  "L" -shaped  region  includes  most  of  Yemen  (San'a),  Yemen  (Aden),  and 
a  small  portion  of  southwestern  Saudi  Arabia,  from  Mecca  southeast  to  Najran.  The  table  summarizes  climatology 
for  San'a.  Yemen. 


SITUATION  AND  RELIEF.  The  southern  houndury  The  southermost  portion  of  the  Highlands  (the  bottom 
of  the  Yemen  Highlands  follows  the  1, 620-fool  (500  of  the  "L.")  is  known  us  the  Hndhranuuit  Plateau.  It 
meter)  contour  from  the  San’a-Adcn  political  boundary  parallels  the  Gulf  of  Aden  and  averages  3,937  feet  ( 1 .200 
ENF.  to  50°  E,  or  1 10  NM  WSW  of  Rus  Fartak.  The  meters)  in  elevation.  Smaller  volcanic  ridges  arc  aligned 
eastern  edge  includes  the  Hadrhamaut  Plateau,  which  is  WSW-ENE  along  the  plateau’s  southwest  edge.  The 
defined  by  the  1,620-foot  (500  meter)  contour  on  the  plateau  contains  a  network  of  deep  and  sinuous  canyons 
south  and  the  3,280-foot  (1,000  meter)  contour  to  the  where  numerous  semipermanent  stream  beds  (wudis) 
north.  The  3,280-fool  (1,000  meter)  contour  extends  have  cut  steep  vertical  cliffs  into  the  plateau.  The 
westward  along  the  northern  Hudhramaui  Plateau  and  tablelands  ubovc  these  canyons  are  level  and  barren.  The 
back  to  the  San’a-Aden  border.  From  there,  the  6,560  plateau’s  southern  fringes  extend  to  within  20-30  NM  of 
fool  (1,500  meter)  contour  runs  northwest  into  Saudi  the  Gulf  of  Aden  coastline,  and  arc  composed  of  igneous 
Arabia  to  21°  50’ N  or  30  NM  NE  of  Mecca,  SD.  The  rock,  sandstone,  and  limestone.  The  area  bears  a 
western  boundary  follows  the  3,280-foot  (1,000  meter)  resemblance  to  South  Dakota’s  Badlands, 
contour  south  to  the  San’a/Aden  border,  then  rejoins  the 

1, 620-foot  (500  meter)  contour  on  Yemen’s  border.  The  extreme  western  edge  of  the  Hudhramaui  Plateau 

is  an  extension  of  the  southeastern  Yemen  Mountains, 
The  western  part  of  the  region  (the  upright  bar  of  the  Jabal  Mirma!  is  the  highest  point  at  6,360  feet  (1,939 
"l.")  contains  rugged  terrain  produced  by  massive  meters).  To  the  cast,  the  plateau  is  llat-top|K'd  with 

geologic  uplift  along  Africa’s  Great  Rift  System,  isolated  hills  and  sinuous  ridges  cut  by  an  intricate 

Volcanic  ridges  (the  Asir  and  Yemen  Mountains)  are  network  of  flat-bottomed  valleys,  gullies  and  deep 

aligned  NNW  to  SSE  for  about  630  NM  between  13°  N  canyons.  The  highest  point  (40  NM  northwest  of 

and  21°  30’ N.  These  ridges  have  a  significant  effect  on  Mukalla,  South  Yemen)  is  Jabal  Sarab  at  6,980  feet 

climate  in  the  Yemen  Highlands.  An  extensive  network  (2,112  meters),  The  northern  and  eastern  edges  of  the 

of  dendritic  river  systems  dissect  the  ridges,  but  no  plateau  disappear  into  the  deep  sand  dunes  and  barren 
permanent  streams  extend  westward  to  the  Red  Sea  or  landscape  of  the  Rub  al  Khali.  The  outstanding  feature 
eastward  to  the  Rub  al  Khali.  of  the  plateau  is  the  Wadi  Hadhramaul,  running  west  to 

cast  through  the  center  of  the  plateau.  It  watershed 
In  the  north,  the  eroded  Asir  Mountain  ridges  extend  drains  1,000  sq  NM  of  adjacent  wadis.  The  largest 
into  Saudi  Arabia  north  of  17°  N.  The  Asirs  arc  only  tributary  (the  Wadi  Masilah)  carries  water  towards  the 

10-20  NM  wide  and  average  6,890  feet  (2,1  (K)  meters)  Gull  of  Aden  during  heavy  rains.  Wadi  valleys  are  I  to  3 

MSI.  in  height.  The  Asirs  end  just  northeast  of  Mecca,  NM  wide,  with  level,  arable  land  abruptly  edged  by 
Saudi  Arabia.  Western  slopes  are  covered  by  alluvium,  natural  sandstone  and  limestone  terraces.  These  slopes 
while  eastern  slopes  (above  4,920  fcel/1 .500  meters)  arc  can  rise  to  1 ,200  feet  (.365  meters)  above  the  valley  floor, 
rolling  hills,  a  desert  steppe  environment.  The  surface  is 

a  mix  of  rocky  stubble,  boulders,  and  isolated  sand  hills.  DRAINAGE  AND  RIVER  SYSTEMS.  There  arc  few 

permanent  water  bodies  on  the  Hadhramaul  Plateau 
Further  south,  the  rugged  Yemen  Mountains  average  except  for  isolated  permanent  groundwater  sources  in 
8,100  feet  (2,500  meters)  in  height  and  1  (K)  NM  in  width  deep  wadi  canyons.  The  Wadi  Hadhramaul  is  the  largest 
between  13°  30’  N  and  17°  N.  Numerous  volcanic  intermittent  river  valley,  extending  .350  NM  SSW  to  the 
peaks  surround  San’a  and  Ta’i/.;  the  highest  is  Nabi  Gulf  of  Aden.  As  it  turns  south,  the  valley  becomes  the 
Shuayub  at  12,33.3  feel  (3,760  meters).  Terrain  is  Wadi  Masilah.  The  Wadi  Mayla’ah  and  Wadi  Hajr 
isolated;  there  are  few  roads  or  even  foot  trails  in  the  originate  along  the  southern  ridges  of  the  Hadhramaul 
interior.  Western  slopes  parallel  the  Red  Sea  coast  and  Plateau  and  form  deep  canyons  along  their  courses.  Each 
ascend  at  the  rale  of  492  fccl/150  meters  per  nautical  stream  runs  about  l(M)  NM  northwest  to  southeast  to  the 
mile.  Terrain  rapidly  transitions  from  lava-covered  hills  coast.  The  Wadi  Mayla’ah  flows  throughout  the  year  on 
to  rugged  canyons  with  steep  vertical  walls  that  may  rise  a  10  NM  stretch  of  its  course,  but  surface  water  does  not 
I, (MM)  Iccl  (305  meters)  above  the  canyon  floor.  The  reach  the  Gulf  of  Aden.  The  Wadi  Hajr  is  the  only 
interior  Yemen  Mountain  network  contains  rugged  perennial  stream  that  Hows  through  the  southern 
granitic  mountains  with  minimal  vegetative  cover.  The  Hadhramaul  from  its  source  to  the  Gulf.  The  wadi 
dry  and  desolate  eastern  slopes  trend  gradually  down  to  a  system  is  shown  in  Figure  5- 1  a. 
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VEGETATION.  The  western  and  northern  fringes  of 
the  I  ludhramaut  Plateau  ure  covered  sparsely  hy  short 
shrubs  and  grasses.  These  regions  are  transition  zones 
between  alpine  and  desert  environments.  Above  6,700 
lect  (2,043  meters),  isolated  acaciu  trees,  thorn  shrubs, 
and  alpine  grasses  thrive.  The  canyons  and  valleys  of  the 
Hudhramaut  contain  diversified  vegcuttion.  Palm,  acacia 
uttd  ariata  (nn  ornament  ire*.'  or  shrub  with  feathery 
branches)  thrive  in  the  moist  sands  of  the  wadi  chunncls. 
Valley  floors  contrast  the  barren  slopes  of  canyons. 
Some  isolated  agricultural  terracing  is  attempted  on  the 
slopes,  but  most  arc  dolled  by  shallow  rooted  shrubs. 


Along  the  western  slopes  of  the  Yemen  Mountains, 
there  is  an  evergreen  zone  between  4,000  uul  6,700  Joel 
(1,220-2,043  meters)  MSL.  Deciduous  and  mixed  forest 
cling  to  the  rugged  terrain,  but  they  thin  appreciably 
northward  into  Saudi  Arabia  and  the  southern  Asms, 
Below  the  evergreen  zone,  acaciu  trees,  small  shrubs  and 
grass  clumps  thrive,  but  above  the  evergreen  zone,  the 
terrain  is  treeless.  Alpine  llowers,  grasses  and  lichens 
are  seasonal  forms  of  vegetation. 


* 
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GENERAL  WEATHER.  Sea  breeze  circulation  and 
(he  .surface  Monsoon  Trough  arc  the  two  most  important 
Southwest  Monsoon  weather  features  iin  the  Yemen 
Highlands.  As  the  sea  breeze  surges  inland  against  the 
Asir  and  Yemen  Mountains,  orographic  lift  produces 
cumulus  between  4, (XX)  and  8,(XX)  feet  (1,220  and  2,439 
meters)  from  Ta’iz  northward  to  San’a.  The  uplift 
occasionally  produces  a  continuous  line  of  convective 
activity  some  4(X)  NM  long  from  SSE-NNW  along  the 
southern  Asir  and  Yemen  Mountains,  with  moderate 
rainshowers  and  embedded  thundershowers.  Rainfall 
often  occurs  between  1400  and  1800  LST. 

The  surface  Monsoon  Trough  and  its  weak  low-level 
convergence  occasionally  produces  isolated  convection 
near  the  Straits  of  Bab  al  Mandab,  but  the  Trough’s 
primury  role  as  a  Southwest  Monsoon  weather-maker  is 
to  provide  hot  and  dry  northeasterly  (low  to  the 
Hudhramaul  and  eastern  Yemen  and  Asir  Mountains.  A 
strong  thermal  low-par!  of  the  broad  scale  thermal 
trough  discussed  in  Chapter  2-anchors  the  surface 
Monsoon  Trough  over  the  Rub  al  Khali  Desert  during  the 
Southwest  Monsoon.  Dry  northeasterly  How  ascends  the 
eastern  Yemen  Highlands  and  mixes  with  ascending  sea 
breeze  moisture  to  the  west  of  the  highest  ridge  crests. 
The  result  is  a  well-defined  diurnal  cloud  and 
precipitation  pattern  west-to-east  across  the  Yemen  and 
Asir  Mountains.  Hot,  dry,  and  cloud-free  skies  dominate 
eastern  slopes,  while  moderate  convection,  substantial 
rainfall,  and  cooler  daytime  temperatures  dominate 
western  slopes.  Light  rain  falls  on  eastern  slopes  above 
8,(XX)  fcet/2,439  meters,  the  product  of  convective  lowers 
originating  along  western  mountain  slopes. 

On  rare  occasions,  a  strong  high-prcssurc  ridge 
disrupts  the  typical  synoptic  surface  pressure  pattern. 
Cooler  and  moisler  Mediterranean-type  air  masses 
descend  across  northern  Saudi  Arabia.  The  abnormal 
synoptic  pattern  produces  temporary  (3-  to  12-hour) 
moist  mid-level  flow  along  the  eastern  Yemen 
Highlands.  Nearly  all  eastern  slope  rainfall  below  8, (XX) 
lecl  (2,439  meters)  occurs  with  high  pressure  ridging. 
Note  that  high  pressure  ridges  are  early  and  late  season 
phenomena  only. 


SKY  COVER.  The  Southwest  Monsoon  produces  the 
highest  percentage  of  mean  cloudiness  for  the  entire  year, 
but  the  highest  frequencies  shown  by  the  isoplcths  in 
Figure  6-2  urc  still  less  than  45  percent.  Most  cloudiness 
is  over  the  southern  and  central  Yemen  Mountains, 
where  low-level  Red  Sea  moisture  and  weak 
convergence  along  the  surface  Monsoon  Trough  fuel 
orographic  uplift.  The  sea  breeze  insures  a  diurnal  cycle 
of  moderate  convection  all  day.  The  cycle  begins 
between  (KMX)  and  l(XX)  LST  and  ends  before  18(H)  LST. 
Orographic  uplift  occurs  along  the  western  Asirs,  but  to  a 
lesser  degree;  the  convective  cycle  here  slops  at  1600 
LST. 

Mean  cloudiness  decreases  considerably  downwind 
(on  lecsidc  slopes)  and  over  (he  Hudhrumaut  Plateau  as 
sea  breeze  moisture  is  unable  to  penetrate  into  'he 
interior.  Most  Icesidc  and  plateau  cloud  cover  here  is  the 
result  of  convective  blow-off,  while  most  mid  and 
upper- level  cloudiness  is  determined  by  synoptic  How. 
Hot  and  dry  air  from  the  Arabian  interior  and  Rub  al 
Khali  keep  skies  dear  east  of  the  highest  ridges.  With 
easterly  How  aloft,  only  cirrus  or  shallow  alloslrattis 
clouds  develop  above  1 5, (KM)  loci  (4,57)  meters).  Sea 
breezes  produce  most  early  morning  stratus, 
stratocumulus,  and  cumulus,  hut  these  are  confined  to 
immediate  coastal  slopes  below  6,560  led  (2,000 
meters). 

Skies  arc  clear  in  the  early  morning  except  for  the 
patchy  stratus  that  develops  along  immediate  coastlines 
and  pushes  inland  during  the  land/sct  breeze  transition 
between  (XXX)  and  08(X)  LST.  Patchy  stratus  or  shallow 
stratocumulus  rarely  constitute  a  ceilin',,  and  both 
dissipate  quickly  with  heating.  Thin  stratus  and  shallow 
ground  fog  may  develop  in  remote  canyons  and  rugged 
valleys  in  the  southern  and  western  Yemen  Mountains 
These  thin  clouds  appear  along  the  inversion  layer  with 
strong  radiation  cooling  in  the  evening.  Thin  cloud  cover 
may  persist  for  several  hours  if  winds  remain  calm 
overnight  and  into  inid-morning  above  10, (MX)  feel 
(3,050  meters).  Most  ground  fog  and  stratus  develop  al 
or  above  3(X)  feet  (91  meters)  AGL,  but  are  seldom  more 
than  100  feel  (30  meters)  thick. 
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Figure  (i-2.  Mean  Southwest  Monsoon  Cloudiness  (Isolines)  and  Frequencies  of  Ceilings  lielow  3,01)0  Feet 
(915  meters),  Yemen  Highlands.  Isopleths  are  in  10%  intervals.  The  numerical  data  is  derived  by  calculating  the 
grand  mean  of  National  Intelligence  Summary  (NIS)  mean  cloudiness  data  for  specific  sites  between  June  and 
September. 


Shallow  cumulus  develops  over  ridges  by  late 
morning  or  early  afternoon  during  maximum  sea  breeze 
penetration  into  the  interior.  Rain  seldom  falls  on  the 
lecsides  of  mountains  unless  cold  pockets  of  air  aloft  or  a 
northeasterly  surface  circulation  over  the  interior  triggers 
more  convergence  along  the  highest  ridge  crests.  At 
Khamis  Mushait,  prevailing  winds  are  northeasterly,  but 
there  is  enough  extensive  orographic  cumulus  for  this 
Iccsidc  location  to  have  mid-aftemoon  cloud  cover. 
Typically,  northeasterly  flow  is  too  dry  for  orographic- 
cloud  cover  to  firm  on  the  Asir  or  Yemen  Mountains’ 
eastern  slopes.  Most  cumulus  dissipates  by  midnight, 
with  some  isolated  altostratus  or  altocumulus  drilling 
eastward  in  the  residual  moisture  provided  by  the  sea 
breeze.  Typical  fair  weather  cumulus  may  form  a  broken 
cloud  line  along  Uk  western  Asir  and  Yemen  Mountains 
between  7,(XX)  and  9,000  feet  (2,!. 34  and  2,744  meters) 
MSL,  but  tops  rarely  exceed  12,000  feet  (3,658  meters) 
This  fair  weather  cumulus  rarely  continues  eastward 


along  the  leeward  slopes.  When  northeasterly  How  from 
the  Rub  al  Khali  is  weak,  a  continuous  cloud  line  extends 
from  Ta’iz  to  Abha.  Much  of  the  diurnal  cumulus  is 
observed  at  2,000- .7, (KX)  feci  (6)0-915  meters)  AC)L  on 
ihe  western  slopes  of  these  mountain  ranges;  tops  may 
exceed  15, (XX)  feet  (4,57.7  meters).  With  a  strong  surge 
in  the  Southwest  Monsoon,  convergence  over  the  peaks 
between  Aden  and  San’a  may  produce  severe 
thunderstorms  with  tops  to  5(),(XX)  feel  (15.2  kin). 
Mid-level  cloud  cover  increases  temporarily  in  early  June 
whenever  a  rate  southward  surge  of  the  Polar  Jet  stream 
brings  a  weak  cold  front  into  the  central  Red  Sea. 

Low  ceilings  are  common  with  sea  brcc/.c  cumulus  or 
when  a  high-pressure  ridge  creates  northeasterly 
circulation  with  some  Mediterranean  moisture.  Low 
ceiling  frequencies  arc  highest  between  I5(X)  and  (XXX) 
LST.  Al  San’a,  the  frequency  of  ceilings  between  I, (XX) 
and  3,000  feci  (305-9(5  meters)  reaches  54%  in  August 


YEMEN  HIGHLANDS 

SOUTHWEST  MONSOON 


June-September 


between  1600  and  0000  LST.  Most  ceilings  between  and  sandstorms  that  lower  visibilities  to  less  than  it  mile 

2,500-3,000  feet  (700-915  meters)  at  Khamis  Mushnit  along  coastlines  may  become  so  widespread  ihat 

and  Tu'iz  occur  when  prevailing  wind  direction  is  locations  at  elevations  between  3,280  and  5,000  led 

southerly  or  westerly,  On  rare  occasions,  low  ceilings  (1,000  and  1 ,524  meters)  MSL  are  also  affected, 
occur  with  northerly  flow  at  Khamis  Mushait. 

"Dju  Farnh"  is  the  local  name  for  a  diisistorm  in  the 
VISIBILITY.  Visibilities  during  the  Southwest  Yemen  Highlands  caused  by  localized  dil'lcremial 
Mon, soon  arc  greutcr  than  3  miles  more  than  90%  of  the  surface  heating.  Although  "Dju  Farah"  may  occur  at 
lime,  but  dust  and  haze  often  restrict  visibility  to  4-6  other  times,  they  arc  most  severe  during  early  August,  in 

miles  (60%  of  the  lime  in  July)  with  strong  afternoon  the  afternoon, 

winds.  These  winds  arc  generally  caused  by  mountain 

and  valley  breezes,  but  sea  breezes  also  stir  up  large  Fog  is  extremely  rare  during  the  Southwest  Monsoon, 
amounts  of  dust  and  sand.  At  1500  LST,  Ta’iz  but  it  may  occur  on  1-2  mornings  a  season  with  calm 

visibilities  are  4-6  miles  82%  of  the  lime.  early  morning  conditions  along  the  southwest  lacing 

slopes  south  of  Ta’iz.  Visibility  in  fog  is  normally  less 
Visibilities  below  3  miles  (Figure  6-3)  occur  less  than  than  2  1/2  miles. 

7%  of  the  time  and  arc  rurcly  below  a  mile,  Duststonits 


Figure  6-3.  Southwest  Monsoon  Frequencies  of  Visibilities  Below  3  Miles,  Yemen  Highlands. 
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WINDS.  Figure  6-4  shows  mean  monthly  surface  wind 
speeds  und  prevailing  directions  lor  three  stations  in  the 
Yemen  Highlands.  Note  that  while  the  prevailing 
direction  at  Khamis  Mushuil  (Kh's  Mushait)  and  San'a  is 
northeasterly,  it  is  westerly  at  Ta’iz.  The  surface 
norlhcastcrlics  originate  in  the  northern  or  northwest 
quadrant  of  the  Saudi  Arabian  Heat  Low  discussed  in 
Chuptcr  2.  The  westerlies  near  Ta’iz  are  sea  breezes  at 


9-10  knots.  Northeasterly  flow  is  also  present  along  the 
northern  Hndhrumaut  Plateau.  Mid-  and  upper-level 
winds  (Figures  6-5a-c)  during  the  Southwest  Monsoon 
do  not  necessarily  reflect  surface  conditions.  Mean 
mid-level  speeds  show  little  variation  during  the 
Southwest  Monsoon,  averaging  8-1 1  knots  at  10, 000  feel 
(3,050  meters);  12-18  knots  at  15,000  feel  (4,573 
meters);  und  10-14  knots  at  30, 000  feet  (9,146  meters). 
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Figure  6-4.  Mean  Southwest  Monsoon  Wind  Speed  (kts)  and  Prevailing 
Direction,  Yemen  Highlands. 


JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC 
San'a  3-level  wind  direction 


Figure  6-5a.  Mean  Annual  Wind  Direction,  San’a,  YD.  Prevailing  wind 
direction  at  San’a  is  northeasterly  at  10, (XX)  and  15, (XX)  feel  (3,050  and  4,57.3 
meters),  but  easterly  at  30, (XX)  feet  (9,146  meters). 
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JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC 
Kh'»  Mushalt  3-level  wind  direction 


Figure  6-5b.  Mean  Annual  Wind  Direction,  Khamis  Mushait,  SD,  Winds  over 
Khamis  Mushail  are  similar  lo  those  at  San’a. 


Ta'i;  3-level  wind  direction 


Figure  6-5c.  Mean  Annual  Wind  Direction,  Ta’iz,  YD.  At  Ta’iz,  mid-lcvcl 
winds  are  westerly,  in  September,  the  l5,(XX)-fooi  (4.573-metcr)  winds  are 
east-southeasterly,  rather  than  northeasterly  as  at  San’a  and  Khamis  Mushail. 
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PRECIPITATION.  The  heaviest  Southwest  Monstxm 
precipitation  is  confined  lo  the  western  Asir  and 
westem/southem  Yemen  Mountains,  as  shown  in  Figure 
6-6).  Moist  sea  breezes  fuel  orographic  convection  every 
day  in  these  arcus.  Moderate  rain  showers  lasting  for  1-2 
hours  in  late  afternoon  seldom  occur  north  of  17"  N. 


Only  an  isolated  section  of  the  western  Asir  Mountains 
(west  of  Ablta)  gets  more  than  4  inches  (102  mm)  of  rain 
during  the  Southwest  Monsoon.  Highest  seasonal 
rainfall  (more  than  l>  inchcs/220  mm)  is  along  the  Yemen 
Mountains  near  44°  E  and  13°  45'  N.  15°  30’  N. 


Figure  6-6.  Mean  Southwest  Monsoon  Monthly/Maximum  24-Hour  Precipitation,  Yemen  Highlands. 
Isohycts  show  mean  seasonal  rainfall  totals  (inches). 
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TEMPERATURE.  The  highest  temperatures  arc  in 
June.  Mcun  daily  highs  (Figure  6-7)  range  from  75  lo 
%°F  (24-36°C).  The  record  highs  in  June  arc  86°F 
(30°C)  at  Sun’a  and  I04°F  (40°C)  at  la  ir.  The  Rub  al 
Khali,  in  northeastern  Yemen,  is  much  hotter;  intense 
surface  heating  and  clear  skies  can  produce  temperatures 
greater  than  I25°F(52°C).  Surface  air  temperatures  may 
drop  by  55°F  (30°C)  in  an  hour  when  a  northerly  wind 


shift  occurs  before  mid-afternoon  rains  along  the  Yemen 
Mountains'  leeward  slopes.  Mean  daily  lows  range  from 
52  to  77°F  (1 1-25°C).  September  is  coolest,  with  record 
lows  or  39°F  (4°C)  at  San’a  and  57°F  (I4°C)  al  Ta’iV, 
both  above  5,(KK)  feel  (1,524  meters).  Although  Tu’i/  is 
only  at  4,629  feel  (1,41 1  meters),  the  pei'sfsieni  sea 
breeze  and  a  marine  climate  resulted  in  its  record  low  of 
65°F  (I8°C). 
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Figure  6-7.  Mean  Southwest  Monsoon  Daily  Maxintum/Minimum  Temperature  (°F),  Yemen  Highlands. 
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GENERAL  WEATHER.  Tlic  lw»  most  important 
weather-make's  during  the  transition  arc  the  surface 
Monsoon  Trough's  southward  migration  and  changes  in 
surface  circulation  over  the  Rub  al  Khali.  The  southerly 
retreat  of  the  Monsoon  Trough  reduces  southerly  inflow 
into  die  Suudi  Arubiun  Heat  Low  oy  li.id-CUobcr,  As  u 
resuh,  the  sea  breeze  cannot  push  inland  with  enough 
force  to  induce  massive  orographic  uplift  along  the 
southern  Yemen  Highlands. 

The  Saudi  Arabian  Heat  Low's  disappearance 
decreases  the  amount  of  hot  northeasterly  llow  into  the 
eastern  Yemen  Highlands  and  northern  Hadhramaut 
Plateau.  In  fact,  the  Heat  Low  is  replaced  in  November 
by  the  Saudi  Arabian  High,  which  induces  weak  easterly 


outflow  into  the  Gulf  of  Aden  and  produces  lair  weather 
and  lower  temperuutres.  The  Suudi  Arabian  High 
strengthens  in  November  and  increases  subsidence  al  the 
middle  levels.  Subsidence  further  reduces  the  effect  of 
orographic  uplift  on  sea  breeze  mois'uro  above  6,000  feet 
(,!,82V  meters)  MSL  on  the  Hadhramaut  Plateau  anil  in 
the  southeastern  Yemen  Highlands. 

SKY  COVER.  Mean  cloudiness  during  the  transition  is 
less  thun  20%  except  for  a  small  portion  of  the  extreme 
western  Yemen  Mountains  between  14  and  Mean 

cloudiness  (shullow  luir-wealher  cumulus  and  cirrus)  on 
the  eastern  slopes  of  the  Yemen  Highlands  and  the 
northern  Hadhramaut  Plateau  is  15%  or  less-sec  Figure 
6-8. 


Figure  6*8.  Mean  SW-NE  Monsoon  Transition  Cloudiness  (Isolines)  and  Frequencies  of  Ceilings  llelow  3,000 
Feet  (V15  meters),  Yemen  Highlands,  isoplcths  arc  in  10%  intervals.  The  numerical  data  is  derived  by  calculating 
the  grand  mean  from  National  Intelligence  Summary  (NIS)  mean  cloudiness  data  for  specific  sites  in  October  and 
November. 
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Persistent  high  surface  pressure  over  the  Suutli 
Aruhian  peninsula  produces  weak  easterly  low-level  (low 
into  the  eastern  Yemen  Highlands  and  northern 
Hadhrumuul  Plateau  by  curly  November,  Light  sea 
breezes  may  generate  shallow  convective  cumulus  cloud 
cover  uiong  the  Yemen  Highlands'  western  and 
southwestern  slopes.  Stratocumulus  with  embedded 
cumulonimbus  occurs  with  the  divergence  that  precedes 
upper- level  troughs. 

Westerly  or  southwesterly  flow  signals  a  weak  frontal 
passage.  Such  shifts  increase  allocumu'us  and  cirrus 
cloud  cover,  but  may  also  produce  stratocumulus  in  the 
valleys  and  plateaus  east  of  the  Asir  and  Yemen 
Mountains.  Although  only  cirrus  is  present  with  weaker 
troughs,  well-organized  systems  produce  isolated 
altocumulus,  allostraius  and  stratocumulus.  Bases 
average  5 ,000-7, (XX)  feet  (1,524-2,134  meters)  AGL,  and 
tops  reach  to  !5,(XX)  feet  (6,097  meters)  MSL. 


Along  the  southern  Yemen  Mountains  and  the  southern 
Hadhramaut  Plateau,  a  southeast  wind  increases 
orographic  uplift  and  the  amount  of  low  cloud.  Ceilings 
of  3,500  feel  (1,067  meters)  are  common  at  Khumis 
Mushuit;  tops  reach  10, (XX)  feet  (3,050  meters)  MSL. 
Most  low  ceilings  arc  in  diurnal  cumulus  resulting  from 
orogruphic  lift,  but  they  occur  during  late  evening,  loo. 
Evening  cloudiness  is  the  result  of  local  mounuiirt  and 
valley  wind  convergence  on  the  western  slopes  of  the 
Yemen  and  Asir  Mountains.  Along  eastern  slopes, 
evening  air  is  loo  dry  for  local  mountain  and  valley  wind 
convergence  to  produce  low  cloud  cover. 

VISIBILITY,  Visibilities  arc  excellent.  They  are  6 
miles  or  more  90%  of  the  time,  and  frequencies  below  3 
miles  are  lowest  of  the  year  (Figure  6-9).  Best  chance 
for  visibility  below  6  miles  is  09(X)-I2(X)  LST.  At  Ta’iz 
and  Khamis  Mushuit,  3-  to  6-milc  visibility  frequency 
reaches  a  high  of  8%  in  November.  Visibilities  below  7 
miles,  although  extremely  rare,  arc  usually  reported  with 
ground  fog. 


Figure  6-9.  SW-NE  Monsoon  Transition  Frequencies  of  Visibilities  Below  3  Miles,  Yemen  Highlands. 
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WINDS.  In  October,  the  surfucc  Monsoon  Trough 
produces  light  and  variable  winds  along  its  axis,  but  by 
November,  weak  easterly  synoptic  flow  develops  at  the 
lower  levels.  Figure  6-10  gives  mean  surface  wind 
speeds  and  prevailing  directions  for  K  ham  is  Mushait 
(Kh’«  Mushait),  San’a,  and  Ta’iz.  Winds  are  weaker 
over  the  interior  Yemen  Highlands  because  the  sea 


breeze  cannot  reach  that  far  unless  reinforced  by  synoptic 
(low;  i.c.,  southeaster! ics  in  the  Gulf  of  Aden  or 
westerlies  in  the  Red  Sea.  Figures  6-1  la  and  b  give 
mean  annual  mid-  and  upper-level  wind  directions  ut 
Khamis  Mushait  (representative  of  the  north)  and  at 
San'a  (representative  of  the  south), 
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Figure  6-10.  Mean  SW-NK  Monsoon  Transition  Wind  Speed  (kts) 
and  Prevailing  Direction,  Yemen  Highlands. 


Figure  6-1  la.  Mean  Annual  Wind  Direction,  Khamis  Mushait,  SD. 

Upper-level  (30,000-foot/9.l  km  MSL)  westerlies  increase  from  14  knots  in 
October  to  25  knots  in  November.  At  mid-and  upper-levels,  winds  shift  from 
northeasterly  to  west-southwesterly.  The  upper-level  shift  is  caused  by  the 
southward  movement  of  the  Subtropical  Ridge. 
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Figure  6-1  lb.  Mean  Annual  Wind  Direction,  San’a,  YD.  Winds  remain  easterly 
(050-120°)  in  the  south,  but  average  only  12-16  knots. 


PRECIPITATION'.  The  transition  from  the  Southwest 
to  the  Northeast  Monsoon  is  the  driest  period  of  the  year, 
thanks  to  weak  convergence  between  the  surface 
Monsoon  Trough  and  the  sea  breeze.  Mean  monthly 
precipitation  averages  1.2  inches  (30  mm)  or  less;  most 
locations  gel  less  than  0.5  inches  (13  min).  The  weak  sea 
breeze  doesn’t  regularly  penetrate  to  the  Yemen 
Highlands;  orographic  lift,  diurnal  convection,  and 
rainfall  are  minimized  in  October  and  November.  On  the 
rare  occasion  that  sea  breeze  moisture  docs  generate 
orographic  lift,  moderate  to  heavy  rainshowers  can  occur. 


The  areas  of  heaviest  rainfall  arc  shown  (in  Figure 
6-12)  by  the  closed  (2.4  inch/61  mm)  isohyels  in  ihe 
western  Yemen  Mountains.  Upper-level  troughs  may 
logger  additional  rainfall  in  November,  but  these 
disturbances  only  occur  on  1-2  days  a  season.  Heavy 
dew  is  common  on  clear,  cold  mornings.  Expect  snow 
above  10,000  feet  (3,050  meters)  by  the  end  of 
November.  Snow  depth  rarely  exceeds  6  inches  (152 
mm)  unless  an  unusually  high  number  of  upper-level 
troughs  (2-4  a  month)  penetrate  the  Yemen  Highlands 
during  November. 
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Figure  6-12,  Mean  SW-NkC  Monsoon  Transition  Monthly/Maximum  24-Hour  Precipitation,  Yemen 
Highlands.  Isohyets  represent  mean  seasonal  rainfall  totals  (inches).  Maximum  24-hour  precipitation  values  were 
available  for  San’a,  Mukayris,  and  Ta’iz.  only. 


TKMPKRATIJRK.  Transition  temperatures  shown  in  boundary  layer  (such  as  Ta’iz)  are  greatly  modified 

Figure  6-13  depend  on  elevation  and  topography.  Mean  (69°F/21°C)  by  the  sea  breeze.  Record  lows  at  San’a 

highs  range  from  6X  to  87°F  (20-3 1 °C).  Record  highs  and  Ta’if  were  27°F  (-3°C)  and  45  °F  (7°0,  both  in 

include  78°F  (26  °C)  at  Mukayris  and  93°F  (34°C)  at  November.  The  record  low  at  Ta’if 'was  63°F  (1 7°C),  set 

Ta  il,  both  in  October.  Mean  daily  lows  range  from  38  in  October, 

to  58°F  (3-l4°C),  but  locations  near  the  marine 
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Figure  6-13.  Mean  SW-NE  Monsoon  Transition  Daily  Maximum/Minimum  Temperatures  (°F),  Yemen 
Highlands. 


YEMEN  HIGHLANDS 

NORTHEAST  MONSOON  December-March 


CENTRAL  WEATHER.  Periodic  cyclonic  activity,  Northeast  Monsoon  flow  into  the  Straits  of  Bah  al 
migratory  upper-level  troughs,  and  low-level  Mundab  converges  with  weuk  northwesterly  outllow 

convergence  along  the  Red  Sea  Convergence  Zone  from  the  Saharan  High  along  the  southern  Red  Sea. 

(RSCZ-scc  Chapter  2)  produce  most  of  the  Northeast  Weak  low-level  eonveigenec  combines  with  sea  breezes 

Monsoon’s  significant  weather.  Every  5  to  10  days,  a  along  the  western  Yemen  Highlands  between  16  and  21 

surface  cold  front  moves  southeast  or  eastward  across  the  N  to  produce  the  RSCZ  Isolated  rainshowers  and 

Asir  and  northern  Yemen  Mountains.  Light  rain,  occasional  thundershowers  arc  common  along  the 

increased  mid-  and  upper-level  cioud  cover  and  RSCZ’s  eastern  edge, 

southwcstcrly-lo  southerly  surface  flow  precedes  the 
front. 


Figure  6-14.  Mean  Northeast  Monsoon  Cloudiness  (Isolines)  and  Frequencies  of  Ceilings  Below  3.000  Feet 
(915  meters),  Yemen  Highlands.  Isopleths  are  in  10%  intervals.  Numerical  data  was  derived  by  calculating  the 
grand  mean  of  National  Intelligence  Summary  (NIS)  mean  cloudiness  data  for  specific  sites  from  December  to 
March. 


SKY  COVER.  Northeast  Monsoon  mean  cloudiness  percent  over  the  Hadhramaul  Plateau,  where 
(shown  above  in  Figure  6-14)  averages  20-30  percent  northeasterly  flow  provides  little  low-level  moisture, 
along  the  Yemen  and  Asir  Mountains,  and  less  than  20  Although  the  plateau  generally  sees  less  cloudiness  (now 
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mostly  cirrus  ami  cirrosiratus),  northeasterly  How 
induces  some  orographic  fair-weather  cumulus  along  the 
southeastern  Yemen  Mountains  between  Mukayris  and 
Dhula. 

Along  the  Western  Yemen  and  Asir  Mountains, 
cyclonic  activity,  the  Red  Sea  Convergence  Zone 
(RSCZ)  and  persistent  westerly  synoptic  flow  produce 
more  orographic  iift.  The  uplift  produces  cumulus  as 
well  as  mid-  and  upper-level  cloudiness.  Bases  arc 
5,(XK)-7,(KK)  feet  (1 .524-2.134  meters)  AGL,  and  tops 
reach  10, (XX)  feet  (3,050  meters)  MSL. 

Ceilings  below  3, (XX)  feet  (915  meters)  generally 
occur  with  south  or  southwest  winds.  Southeast  winds 
only  produce  low  clouds  (cumulus  and  stratocumulus) 
along  the  southern  Yemen  Mountains  in  mid-aflcrn<x>n, 
and  over  the  southwest  Hadhramaul  Plateau  in  early  ami 
mid-morning.  Ceilings  of  I, (XX)  and  1,500  feet  (305-453 
meters)  arc  possible  along  the  western  and  southern 
Yemen  Mountains.  Ceilings  at  or  below  I, (XX)  feet  (305 
meters)  are  most  common  between  January  and  March, 
from  <KS(X)  to  09(X)  LST.  Ceilings  from  1,000  to  3, (XX) 
loci  (305-to  9i5-mclcr)  are  most  common  in  the  western 
and  southern  Yemen  Highlands  between  16(X)  and  2I(M) 


Doc«mb#r-March 


LSI'.  Clear  skies  are  common  with  undisturbed  weather 
during  the  Northeast  Monsoon.  However,  infrequent 
mid-latitude  cold  fronts  (Cyprus  Lows)  pass  the  area  on 
2-3  duys  a  month  and  increase  mid-and  upper-level  cloud 
cover  for  6  to  18  hours.  Weak  frontal  passages  produce 
scattered  to  broken  ceilings  Skies  include  u  mixture  of 
cumulus,  stratocumulus,  and  altocumulus  over  the  Asirs, 
while  extensive  cumulus  forms  along  the  western  Yemen 
Mountains  above  10, (XX)  feel  (3,050  meters.)  MSL. 

Strong  cold  fronts  occasionally  penetrate  the  northern 
half  of  the  region  to  18°  N.  Above  the  surface  cold  front, 
the  Polar  Jet  (PJS)  and  Subtropical  Jet  (STJ)  may  merge 
and  "share  energy"  over  the  northern  Asirs,  as  shown  in 
Figure  6-15,  Moist  low- level  southwesterly  flow 
develops  along  the  surface  warm  front.  Common  warm 
front  sky  conditions  include  multilayered  clouds  with 
isolated  cumulonimbus  embedded  in  low  stratus  decks. 
Isolated  cumumulus  bases  mn  from  6, (XX)  to  8, (XX)  loot 
(1,838  lo  2,439  meters)  AGL,  with  tops  I(),(X)()-I5,(H)() 
feel  (3,050-4,573  meters)  MSL.  Stratus  deck  bases  run 
from  2.0(H)  lo  4, (XX)  feel  (610-1,220  meters)  MSL. 
Surface  cold  fronts  moving  over  the  Red  Sea  have 
isolated  cumulus  and/or  cumulonimbus  immediately 
ahead,  but  little  or  no  cloud  behind. 


Figure  6-15.  Upper-Level  <3(l0-nii>)  Flow  Supporting  an  Intense  Frontal 
Passage  into  the  Northern  Yemen  Highlands.  PJS  =  Polar  Jet  Stream;  STJ  = 
Subtropical  Jet  Stream.  The  map  shows  two  ureas  of  jet  stream  interaction,  but 
PJS/STJ-2  is  important  to  this  discussion. 
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When  ihc  Subtropical  Jet  is  t!ic  only  feature  present  in 
(he  (low  pattern,  thnsc  cirrus  covers  the  region 
Scattered  a  Itost  rat  us  with  bases  between  1 5,(KK)  and 
18,000  feel  (4,5  73-5, 48‘7  meters)  AGL  is  possible. 

Between  16°  and  21°  N,  the  Red  Sea  Convergence 
Zone  (RSCZ— see  Chapter  2)  produces  weak  low-level 
convergence  and  cloud  cover  ulong  its  axis.  At  the 
cusicra  edge  of  the  RSCZ  uxis,  convective  cells 
concentrate  development  along  a  10-30  NM  section  of 
the  western  Asir  and  northern  Yemen  Mountains  in 
mid-morning.  The  ]*ecisc  location  for  isolated  cumulus 
development  varies  from  day  to  day  and  month  to  month. 
If  an  upper-level  trough  lies  to  the  west  of  the  RSCZ, 
cumulus  with  tops  to  20, (XX)  feet  (6,097  meters)  MSL 
may  form  parallel  to  a  large  v2(X)  NM  north  to  south) 
portion  of  the  western  Yemen  Highlands;  they  may  spill 
10-20  NM  cast  of  the  highest  ridge  lines  by  late 
afternoon,  When  they  do,  leeward  slopes  see  scattered 


altocumulus  vith  ceilings  at  or  above  5,000  feel  (1,524 
meters)  AOL..  Cloud  cover  on  windward  slopes  remains 
lor  up  to  6  hours  after  trough  passage;  the  line  of 
cumulus  and  cumulonimbus  with  tops  to  1 8, 000-20, 000 
feet  (5,< 487-6, (*97  meters)  MSL  anti  bases  at  or  above 
3, (XX)  feel  (915  meters)  AGL  dump  heavy  rainfall  on  the 
western  Yemen  Highlands. 

VISIBILITY.  Dust  and  haze  are  the  primary  visibility 
restrictions.  Afternoon  visibilities  are  between  3  anti  6 
iniics  36  percent  of  the  time  at  Tn  iz  (January)  and  San  a 
(March).  Visibilities  below  3  miles  arc  rare;  frequencies 
at  Ta’iz  are  5%  at  0900  LST.  Morning  haze  is  the  most 
frequently  observed  obstruction  it)  vision  at  Ta’iz.  Most 
inland  and  high-altitude  locations  see  a  lew  dust-  or 
hazc-rclatcd  low  visibilities,  but  the  mean  frequency  is 
low.  Lowest  visibilities  occur  with  strong  southwesterly 
How  immediately  ahead  of  a  surface  cold  front. 


t 


I 


Figure  6-16.  Northeast  Monsoon  Frequencies  of  Visibilities  Below  3  Miles,  Yemen  Highlands. 
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WINDS.  Surface  winds  vary  from  northwcsl  to 
.southeast  as  two-large  stale  surface  circulations- 
Northeast  Monsoon  flow  and  northwesterly  Saharan 
High  oulflow-convcrge  in  the  southern  Red  Sea,  Yemen 
Highlands  topography  limits  this  convergence  to  the  Red 
Sea  area  between  the  surface  and  5,(XK)  feet  (1,524 
meters)  MSL. 

Figure  6-17  gives  mean  surface  wind  speeds  and 
prevailing  directions  at  Kh's  Mushait  (Khumis  Mushait), 
San’a,  and  Ta'iz..  Winds  arc  southeasterly  in  the  western 
Yemen  and  Asir  Mountains  below  5, (XX)  feel  (1,524 
meters)  MSL  and  south  of  the  RSCZ,  Northeasterly 
low-level  (low  deflects  to  the  right  (to 
soulhcrly/soulhcastcrly)  upon  entering  the  Straits  of  Bab 
al  Mandab  and  southern  Red  Sea.  Wind  speeds  in  the 
Straits  and  foothills  of  the  southeastern  Yemen 
Highlands  (Ta’iz)  average  15-20  knots  over  water  and 
10-15  knots  in  the  foothills. 


As  Northeast  Monsoon  surface  How  enters  the  Straits 
from  the  south,  northwcstcrly-io-northcrly  llow  enters 
the  Red  Sea  from  the  Sahara.  The  Saharan  High  (see 
Chapter  2)  produces  this  northerly  surface  wind 
component.  Northwcsicriics  are  weak  (5-5  knots)  in  the 
central  and  southern  Red  Sea  during  undisturbed 
weather,  but  surface  llow  reinforces  the  sea  breeze  along 
the  western  Yemen  Mountains.  Resultant  synoptic  wind 
direction  (Saharan  High/sca  breeze  flow)  along  the 
extreme  northern  Yemen  Mountains  and  the  Asirs  is 
southwesterly,  although  surface  wind  direction  along  the 
extreme  eastern  edge  of  the  RSCZ  may  be  variable. 

When  cyclonic  activity  enters  the  Red  Sea, 
southwesterly  al  8-15  knots  precede  frontal  passage  by 
6  to  56  hours,  depending  on  the  speed  of  the  front.  Some 
move  eastward  or  northeastward  quickly  (10-20  knots), 
but  others  move  only  at  5-10  knots. 
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Figure  6-17.  Mean  Northeast  Monsoon  Wind  Speed  (kts)  and  Prevailing  Direction,  Yemen  Highlands. 


Although  mid-  and  upper-level  wind  directions  arc 
less  affected  by  terrain,  some  southern  Yemen  Mountain 
locations  arc  in  a  transition  zone  between  subtropical 
African  mid-level  westerlies  and  easterly  mid-level  flow 
during  different  months  of  the  season.  Mean  mid-level 
flow  averages  only  9-12  knots  regardless  of  direction. 
Upper-level  llow  is  westerly  because  the  Subtropical 
Ridge  is  south  of  the  region.  Mean  upper-level  (low 
averages  18-26  knots  in  the  southern  Yemen  Mountains 
(al  Ta'iz.  and  San'a),  but  58-47  knots  in  the  Asirs  (at 
Khainis  Mushait). 

The  mid-level  flow  transition  zone  is  best  illustrated 
by  comparing  mean  annual  wind  directions  at  Ta’iz 


(Figure  6- 1 8a)  and  San’a  (Figure  6- 1 8b).  At  Ta’iz,  the 
mean  December  direction  at  10, (XX)  feel  (5,050  meters)  is 
southeasterly;  al  1 5, (XX)  feet  (4,575  meters),  it’s 
northeasterly.  Mean  wind  direction  at  15, (XX)  loci  (4,575 
meters)  reverses  in  January  (5(X)°)  and  February  (205°). 
In  March,  both  levels  arc  south  southwesterly 
(190-210°).  Note  that  surface  wind  direction  ai  Ta'iz, 
(elevation  4,629  fecl/1,411  meters)  is  southerly  to 
southeasterly.  At  San'a  (elevation  7,257  leel/2,206 
meters),  l5,(KX)-fool  (4,575  meter)  wind  direction  is 
west-southwesterly  to  westerly  between  December  and 
March,  southerly  al  l(),(XX)  feet  <5,050  meters)  from 
December  to  January,  and  southwesterly  in  February  and 
March. 
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PRECIPITATION.  Nearly  all  Northeast  Monsoon  Highlands.  Three  or  lour  upper-level  troughs  move  into 

season  rainfall  occurs  north  of  14°  N  as  cold  upper-level  the  central  Red  Sea  during  each  Northeast  Monsoon 

troughs  pass  over  the  Yemen  Highlands.  Significant  season,  but  only  one  or  two  superimpose  themselves  over 

rainfall  (0.05  inches/ 1.3  mm  or  greater)  falls  when  the  a  surface  cyclone  or  cold  front.  Snow  occurs  above 

Polar  Jet  descends  into  the  central  Red  Sea  and  Saudi  10,000  feel  (3,050  meters)  with  most  cold  upper-level 

Arabian  Peninsula.  The  Polar  Jet’s  southward  surge  of  troughs,  but  accumulations  of  6  inches  ( 1 52  mm)  or  more 

cold  air  aloft  into  the  subtropics  may  merge  with  the  are  extremely  rare.  Snow  below  6,000  loci  (1,829 

Subtropical  Jet.  When  the  two  jets  interact  (or  "share  meters)  has  not  been  documented.  Figure  6-19  shows 

energy”),  moisture  increases  at  the  upper  levels.  If  a  mean  monthly  precipitation  across  the  region.  Only 

low-level  cyclonic  circulation  develops  beneath  the  Dhala,  Mukayris,  and  Taif  get  more  than  0.2  inches  (5 

upper-level  trough,  southwesterly  or  southerly  winds  mm)  in  each  month  of  the  Northeast  Monsoon.  Dhala 

push  warm  moist  air  from  the  Red  Sea  deep  into  the  and  Mukayris  rainfall  is  caused  by  cold  upper-level 

western  Asir  and  Yemen  Mountains.  The  cold  air  in  the  troughs,  but  by  northeasterly  low-level  Northeast 

upper-level  trough  helps  generate  isolated  thunderstorm  Monsoon  flow  and  orographic  lift, 
activity  and  moderate  rainfall  on  the  western  Yemen 


Figure  6-19.  Mean  Northeast  Monsoon  Monthly/Maximum  24-Hour  Precipitation,  Yemen  Highlands. 
Isohycts  represent  mean  seasonal  rainfall  totals  (inches).  24-hour  data  was  not  available  for  Abba  and  Ta’i/.. 
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TEMPERATURE.  Above  5,(XH)  feel  (1,524  meters),  4, 500  feet/ 1 ,572  meters),  the  record  is  9()°F  (32°C). 

temperatures  vary  with  elevation  and  topography,  but  Extended  (3-7- day)  periods  of  undisturbed  weather  allow 

prevailing  low-level  wind  direction  has  un  effect  below  larger  diurnal  temperature  ranges  at  higher  elevations. 

5, (KK)  feet  (1,524  meters).  On  southern  Yemen  Mountain  For  example,  the  January  diurnal  range  at  Sun ’a 

hillsides  below  5,000  feet  (1,524  meters)  between  Ta’iz  (elevation  7,237  fcct/2,206  meters)  is  35°F  (I9°C),  but  at 

and  Muknyris,  temperatures  arc  moderated  by  sea  breeze  Ta'iz  (elevation  4,621)  fcct/1,411  meters),  the  range  is 

moisture.  On  eastern  Red  Sea  hillsides,  the  sea  breeze  only  7°F  (2-3°C).  Mean  daily  lows  range  from  36  to 

moderates  temperature,  but  does  not  normally  affect  56°F  (2- 1 3°C).  Absolute  lows  below  freezing  arc  rare, 
nighttime  temperatures  above  5,000  feet  (1,524  meters)  but  22°F  (-6°C)  was  recorded  at  San'a  in  December. 

Ta'iz,  on  the  other  hand,  has  never  recorded  a 
Mean  daily  highs  range  from  64  to  82°F  (I8-28°C).  temperature  below  60°F  (I6°C)  during  any  Northeast 
The  record  March  high  at  Mukaryis  (elevation  6,720  Monsoon  month. 
fccl/2,049  meters)  is  77°F  (25°C).  At  Ta’if  (elevation 


Figure  6-20.  Mean  Northeast  Monsoon  Daily  Maximum/Minimum  Temperature  (°F),  Yemen  Highlands. 
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GENERAL  WEATHER.  Cyclonic  activity,  the  surface 
Monsoon  Trough,  anti  tlte  Red  Sea  Convergence  Zone 
(RSCZ)  arc  the  most  important  transition  weather 
features.  By  early  May,  the  surface  Monsoon  Trough 
(with  weak  low-level  convergence)  replaces  sustained 
northeasterly  flow  in  the  Gulf  of  Aden.  Northcastcrlics 
weaken  rapidly  in  the  Straits  of  Bab  al  Mandab  during 
April.  The  end  of  the  Northeast  Monsoon  also  marks  the 
end  of  the  Red  Sea  Convergence  Zone.  Although  the 
surface  Monsoon  Trough  is  inactive  along  the  Gulf  of 
Aden  and  southern  Red  Sea,  southerly  flow  is  established 
south  of  the  Trough  axis.  As  a  result,  persistent  onshore 
low-level  flow  along  the  southern  Yemen  Mountains  and 


southern  Hadhramaut  Plateau  intensifies  the  sea  brave. 
Light  and  variable  winds  dominate  the  southern  and 
central  Red  Sea. 

,SKY  COVER.  Transition  cloudiness  frequencies 
(Figure  6-21)  arc  highest  (greater  than  30  V* )  in  the 
southwestern  corner  of  the  Yemen  Mountains,  where 
elevations  arc  below  6, (XX)  feet  (1,829  meters)  MSL. 
Cumulus  is  the  predominant  cloud  type.  Over  the 
southern  Hadhramaut  Plateau,  the  interior  Yemen 
Mountains,  and  the  southern  Asirs,  mean  cloudiness  is 
20-30%.  Mean  cloudiness  (mostly  cirrus)  in  the  northern 
Asirs  is  less  than  2()9f . 


Figure  6-21.  Mean  NE-SVV  Monsoon  Transition  Mean  Cloudiness  (Isolines)  and  Frequencies  of  Ceilings 
Below  3,000  Feet  (915  meters),  Yemen  Highlands.  Isopleths  are  in  10%  intervals.  Mean  cloudiness  data  was 
derived  by  calculating  the  grand  mean  for  National  Intelligence  Summitry  (NIS)  mean  cloudiness  data  lor  specific 
sites  in  April  and  May. 
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Slrntocumtilus  and  isolated  cumulus  develop  along  the 
extreme  eastern  edge  of  the  RSCZ  as  light  and  variable 
winds  along  the  surface  Trough  axis  converge  with  local 
sea  breezes.  The  resultant  How  ascends  the  western 
Yemen  and  Asir  Mountain  foothills.  The  RSCZ’s  daily 
position  along  the  foothills  and  local  sea  breeze 
orientation  determines  the  type  and  extent  of  cloud  cover 
and  rainfall.  The  RSCZ  disappears  from  the  region  by 
late  April  or  early  May. 

During  a  typical  April,  RSCZ  cloud  cover  develops 
north  of  18°  N,  but  convection  may  deviate  from  this 
mean  location  pattern  when  other  synoptic  features  alter 
the  low-level  convergence  pattern.  Synoptic  conditions 
that  affect  RSCZ  cloud  cover  are  migratory  surface  low- 
pressure  cells  and  cold  upper-level  troughs.  With  either 
feature,  isolated  towering  cumulus  with  tops  to  15, (XX) 
feet  (4,573  meters)  MSL  may  extend  south  to  1 5°  N. 


Cyclonic  activity  with  southerly  or  southwesterly  flow 
ahead  of  u  cold  front  produces  more  ceilings  below  3, (KM) 
feet  (915  meters)  than  any  other  synoptic  or  mesoscalc 
weather  feature.  This  southerly  How  pattern  can  push 
sea  brcczx  moisture  to  the  8,(XX)-foot  level  along  the 
western  Asir  and  Yemen  Mountains.  Orographic  lift 
produces  scattered  cumulus  and  cumulonimbus  with 
bases  at  2,(XK)-3,(KX)  feet  (610-915  meters)  and  lops  to 
1 5, (XX)  feet  (4,573  meters)  MSL. 

In  the  southern  Yemen  Mountains  and  on  the  southern 
edges  of  the  Hatlhramaul  Plateau,  southerly  How  results 
from  a  strong  sea  breeze  reinforced  by  the  surface 
Monsoon  Trough  in  the  Gulf  of  Aden.  At  San’a,  ceilings 
are  below  l,(XXl  feet  (305  meters)  AGL  less  than  1%  of 
the  time,  but  between  I6(H)-2(XX)  LST,  ceilings  arc 
between  I, (XX)  and  3, (XX)  feel  (305-915  meters)  nearly 
40%  of  the  time.  Clouds  are  mostly  cumulus  and 
lowering  cumulus,  but  strong  southerly  llow  may 
produce  severe  thunderstorms  with  tops  above  40, (XX) 
feet  (1 ,220  meters)  between  Aden  and  San 'a. 
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VISIBILITY.  As  shown  in  Figure  6-22,  transition  Asirs,  eastern  Yemen  Mountains,  and  northern 

visibilities  are  generally  good.  In  early  morning,  haze  is  Hadhramaut  Plateau  in  mid-afternoon.  Mid-altcrnoon 

most  frequently  observed  along  the  southern  and  western  moderate  to  heavy  rainfall  in  the  southern  Yemen 

fringes  of  the  region  below  6,000  feet  (1,829  meters)  Mountains  results  in  a  1-3%  frequency  ol  lowered 

MSL.  Blowing  dust  or  sand  occurs  along  the  eastern  visibilities  during  that  time. 


WINDS.  Figure  6-23  gives  mean  surface  wind  speeds  these  stations  reflect  Northeast  Monsoon  low-level  (low 
and  prevailing  direction  for  Kh’s  Mushail  (Khamis  during  April,  and  weak  cyclonic  outflow  from  the  Rub  al 
Mushait),  San’a,  and  Ta’iz.  Easterly  components  for  Khali  in  May. 


S-SE 

S-ENE 

S-SE 


Figure  6*23.  Mean  NF-SW  Monsoon  Transition  Wind  Speed  (Ms)  and 
Prevailing  Direction,  Yemen  Highlands. 
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Upper-level  (30, OOO-foot,  9,146-macr)  MSL  flow 
over  the  entire  region  is  westerly.  Mean  speeds  in  April 
range  from  19  knots  in  the  south  to  33  in  the  north. 
Mean  May  speeds  range  from  1 1  knots  in  the  south  to  23 
knots  in  the  north. 

Mid-level  (1 0,000- 15. 000-foot,  3,050-4, 573-meter) 
wind  direction  is  southwesterly  at  Khamis  Mushait  and 
San’a  in  April,  but  cast-southeasterly  over  both  locations 
in  May.  Speeds  average  9-1 1  knots  in  April  and,  11-1.3 
knots  in  May.  At  Ta’iz,  mid-level  wind  direction  is 
east-northeasterly  at  12  knots  in  April,  becoming 
southeasterly  at  8  knots  in  May. 

Very  weak  (3-lo  5-knol)  northwesterlies  may  appear 
briefly  over  the  eastern  Hadhramaut  Plateau  in  early  May 
with  the  passage  of  an  upper-level  trough.  The  cold 
upper-level  trough  is  icOccled  by  a  weak  surface  trough, 
but  the  wind  shift  line  is  negligible  except  in  the  lowest 
elevations  of  the  northern  Asirs  and  eastern  Hadhramaut. 
Northwesterlies  affect  the  eastern  Hadhramaut  Plateau 
for  312  hours.  The  sea  breeze  initiates  a  return  to 
southerly  flow,  but  easterly  or  northeasterly  flow  may 
replace  the  northwesterlies  if  the  shift  in  in  the  evening. 


The  southwcstcrly-lo-weslcrly  flow  at  low  levels 
provides  moisture  and  induces  orographic  lift  in  tits* 
extreme  soulhern/western  Yemen  Mountains  and  western 
Asirs.  The  southwestern  Yemen  Mountains  (Ta’iz  in 
particular)  gel  the  highest  rainfall  amounts  of  the  year  in 
April  and  May.  Late  afternoon  convection  produces 
extensive  light  to  moderate  rainshowers.  Isolated 
thundershowers  are  common  above  8,(XH)  feel  (2,439 
meters)  MSL. 

PRECIPITATION.  As  shown  in  Figure  6-24,  April 
rainfall  is  greater  than  May’s  at  Tail,  Mukayris,  and 
San’a.  There  arc  several  reasons  for  this.  At  Tail',  welter 
Aprils  arc  the  result  of  a  higher  frequency  of  cyclonic 
activity.  Mean  April  rainfall  at  Mukayris  is  greater  than 
May’s  because  the  prevailing  low-  and  mid-level  wind 
direction  is  southeasterly.  In  May.  southcaslerlics 
prevail  to  1(),(X)()  feet  (3,050  meters)  MSL,  with  mean 
northeasterly  Mow  at  15,000  feet  (4,573  meters). 
Orographic  convection  builds  along  the  southeast  Yemen 
Mountains  near  Mukayris,  but  moves  westward 
(downwind). 


Figure  6-24.  Mean  NE-SW  Monsoon  Transition  Monthly/Maximum  24-Hour 
Precipitation,  Yemen  Highlands.  Maximum  24-hour  rainfall  not  available  lor  Ta’iz, 
Abha,  and  Taif.  IsohyeLs  represent  mean  seasonal  rainfall  totals  (inches). 
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NORTHEAST-TO-SOUTHWEST  MONSOON  TRANSITION 


Aprll-May 


'TEMPER  ATI  IRE.  Mean  daily  highs  range  from  72  to 
9|°F  (22-33°C),  mean  daily  lows  from  49  to  73°F 
(9-23°C)--see  Figure  6-25.  Warm  coastal  waters  keep 
nighttime  temperatures  pleasant,  but  below  normal  May 
nighttime  temperatures  can  be  expected  with 
northeasterly  How  over  the  Hadhramaut  Plateau.  Record 
highs  include  an  H4°F  (29°C)  at  Mukayris,  to  l(X)°F 


(3K°C)  at  Ta’if,  both  recorded  in  May.  In  unpopulated 
portions  of  the  northern  Hadhramaut  Plateau, 
temperatures  may  exceed  l(X)°F  (38°C),  and  soil  surface 
temperature  may  exceed  I2()°F  (49°C).  Lowest 
temperatures  tKcur  in  April.  A  record  low  of  37°F  (2°C) 
at  San ’a  is  in  contrast  to  the  60°F  (16°C)  recorded  at 
Ta’iz. 
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